












































WE'RE BIG IN SMALL PUMPS, T00 


Yes, we're big in small pumps, too... 
so big that we have a complete, sepa- 
rate plant* for their production. But 
the real proof of how we can meet your 
small pump needs lies in the extent of 
our small pump lines. Look how these 
three new models stretch down to cover 
many more “small pump” applications. 

Look at the new 1” Centrifugal which 
efficiently handles small flows from 
2 to 80 gpm at heads to 110 feet. It’s 
competitively priced, compact and 
trouble-free with smoother waterways 
and higher efficiencies. 

Or look at the rotary which performs 
down to 4 gpm (150 psi) at 1750 rpm. 
It has one stuffing box to minimize 
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leakage, few moving parts to cut main- 
tenance, excellent suction lift, four- 
bearing construction, and the herring- 
bone gears that are quieter and more 
efficient than spur gears. 

For chemical and related industries, 
there is the new %” Worthite pump 
with capacities to 18 gpm and heads 
to 55 feet. It has all the corrosion-re- 
sistant advantages of larger Worthite 
standard centrifugal pumps. 

There are, of course, special advan- 
tages in buying small pumps from 
Worthington. One is that you're get- 
ting Worthington “big pump” quality. 
Another is that the small Worthington 
pumps are stocked and serviced coast- 


to-coast. Thus you can standardize in 
many locations and still get quick 
pump service anywhere. (Original 
equipment manufacturers, take note!) 
For more information write Worth- 
ington Corporation, Section 20-25, 
Harrison, New Jersey. 
*Located in East Orange, N. J. Our main large- 
pump plant is in Harrison, N. J. 


WORTHINGTON 








For advanced fuel...hydraulic...lube systems, 


New materials prove ideal in handling 


temperature extremes —350° F. to +750° F. 


Working with two remarkably versatile elasto- 
mers, C/R Sirvene engineers are producing flexi- 
ble molded parts for many vital fuel, lubricating, 
hydraulic and pneumatic systems. One, Viton-A”*, 
can be compounded to produce parts that func- 
tion dependably at 600° F., and for short periods 
up to 750° F. The other important feature of Viton 
compounds is their excellent resistance to cor- 
rosive chemicals, chlorinated solvents as well as 
both synthetic and petroleum base fuels and lubes. 
At the other extreme, C/R compounded Silastic 
LS-53** parts are providing low temperature op- 
eration down to -80° F. They also exhibit excel- 


* DuPont registered trademark 
**Dow-Corning registered trademark 
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lent resistance to synthetic and petroleum base 
fluids up to 350° F., and function well in propane 
up to 500° F. For temperatures as low as -350° 
F., C/R recommends Teflon* compounds. 

C/R Sirvene engineers have an intimate knowl- 
edge of these elastomers. They also have perfected 
special techniques in processing which still further 
improve the physical properties of the molded 
parts. If your problem involves high or low tem- 
peratures, close tolerances, and compatibility in 
advanced design fuel, lubricant or hydraulic sys- 
tems, get in touch with us at once. We have the 
skill and the facilities to help you. 


SIRVENE DIVISION, 1237 ELSTON AVENUE * CHICAGO 22, ILLINOIS 
ff n 55 principal cities. See your telephone book 
Rawhide Mig. Co 


In Caneda: Chicag of Canada, ttd., Brantford, Onteri 


Export Soles eon International Corp., Great Neck, New York 
c/k propucts: C/R Shaft & End Face Seals « Sirvis-Conpor mechanical leather cups, 


packings, boots « C/R Non-metallic gears 
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PRODUCT 


Table speeds calculation of thread strength 


For sizes from #0 to 6 inches, from coarse to 
extrafine, for all classes and even for mixed 
classes of threads, here are computer-calcu!ated 
shear and tensile areas for all internal and 
external threads. Raymond C Boucher 


Metered oil feed ends hand mixing 


Two-cycle auto engine has variable-volume oil 

pump to supply lube oil to gas intake manifold. Flow is 
modified by engine speed and load for optimum 

gas-oil ratio. 


Pinch valve controls gas flow 


Stream of irritating gas is isolated from 
the metal valve parts to eliminate contamination and 
corrosion of riot-busting gas gun. 


Ball replaces a rack and pinion 


Dial indicator uses linear-to-rotary motion transfer 
by ball bearing to give 0.000,02-inch repeatability. 


Graphical analysis for cost control 


You divide your production rup into bands by cost and plot 
as a frequency distribution. Curve shape shows 

where production has gone wrong—and what to do about 
it. Works as well for drafting-room production as for 

the machine shop. Hector E French 





DEPARTMENTS 


Advertisers index 

Design literature 
Developments to watch..... 
Equipment 





ENGINEERING 


8 Push-pull linkages 

These basic arrangements are used in all devices where 
oscillating motion must be transferred between two 
components. Frank W Wood Jr 


More data on hermetic magnetic couplings 


These are the devices that transmit torque right 
through the walls of an air-tight container. Recent 
tests have provided more accurate constants for the 
design equations. Frank Yeaple 


Practical applications of driverless vehicles 


First step toward automatic highways, they’re 
appearing as cable-guided buses, ore trucks and 
warehouse tractors. Bruce Cross 


For stress analysis, brittle-coating methods 


Second in our continuing series on stress-analysis 
techniques, here’s how to select the best formulation, 
prepare test specimens and analyze crack patterns. And 
for the first time in print—a new micro technique 
invented at Battelle. Nelson A Crites 





New components 

New materials 

Product designs 

Reader service cards.................... 139 
Your turn 





COMING 
NEXT 
ISSUE 


Which electric brake? 


Comparison tables and charts to 
help you select the smallest (and 
cheapest) brake to stop a load and 
dissipate the heat energy. 


Overload margin in motors 


Enclosed motors with class-B in- 
sulation now match class-A open 
motors in overload capacity. See 
what these better service factors can 
do for your design. 


Creativity—still the will-o’-the-wisp 


Research groups are probing and 
now they have some ideas about 
what creativity really is. An engi- 
neer also suggests that Intuitive 
Engineering is an essential crea- 
tive task for designers. 


Today’s film adhesives 


These simple-to-apply films give 
higher strength, improved reliability 
and closer dimensional tolerances. 
They’re cheaper in the long run, too. 


Electron-beam melting 


Now on a production basis it com- 
petes with vacuum arc and sintered 
powders to give alloys with excep- 
tional strength at high temperature. 





PRECISION-FORMED 
METAL 


COMPONENTS 








: Hydroforming, Deep Drawing 
and Spinning 


You can depend on KAUPP for com- 
plete service from design to delivery 
on precision-made metal parts and 
sub-assemblies Ultra modern metal 
working facilities, plus wide experi- 
ence on military and commercial re- 
quirements are available to solve 
your problems. Send drawings for 
quotations or phone for new illustra- 
ted bulletins! 


¥ 








Closest tolerances adhered to in all 
metals, including MU METAL, BRASS, 
INCONEL, ALUMINUM, COPPER, 
CARBON STEEL, STAINLESS STEEL, 
NICKEL, MAGNESIUM, TITANIUM, 
SILVER, SPECIAL ALLOYS, HAYNES 
STELLITE. 


INTERESTING TO NOTE 


| Peo the old wheeze about the chicken and the egg the problem of cut- 
ting the first screw thread has puzzled many engineers. At first 
thought, the thing seems impossible; you can’t cut a screw without some 
means of moving the tool at a fixed rate and you can’t move the tool 
without an existing screw to drive it. But, as many an old-time machinist 
knows, there are several ways to cut threads without a lead screw. 

Probably the easiest is with a tool having two or more cutting points. 
The tool is ground with an appropriate amount of front clearance and side 
lead and the two points brought to bear against the cylindrical surface of 
the work. When starting the thread, the tool is allowed to track forward 
with just the right speed so that the trailing point falls in the grove made 
by the leading point after one revolution. (If the tool has been ground 
properly, it should do this without help from the machinist.) From there 
on it is simply a matter of allowing the trailing point to feed the tool for- 
ward as it rides in the groove cut by the leading point. 

Thread chasing, the proper name for this process, is still practiced in 
industry when the lath at hand is not equipped to turn the needed thread. 
The trick has been a source of much amusement to machinists who delight 
in betting a naive bystander that they can cut 64 threads to the inch on a 
lathe whose gears go only to 40. He simply breaks off the shank of a 64- 
thread tap and chases the thread holding an exposed flute against the 
rotating stock. 

Another way to cut a thread without a master is to hand file it from 
a steel rod. The pitch is determined by cutting a paper triangle of the 
proper dimensions, and wrapping it around the rod in such a way that 
the base of the triangle is parallel to the rod’s axis. The wrapped edge 
then forms a pattern which can be transferred to the steel with a file or a 
hacksaw . . . and plenty of elbow grease. If the rod is made of tool steel 
(in which case, you’li need even more elbow grease) only a few revolutions 
of the thread need be cut. These few threads can be used as a tap to cut 
matching threads in a spilt die and the die, in turn, used to cut the remain- 
ing threads on the rod. 

The wrapped paper triangle (sometimes it was simply a strip of paper 
wrapped at an angle) has the longest history and was undoubtedly the 
method used to generate the wooden threads found on Greek and Roman 
presses. But when Henry Maudsley came to cut threads for his original 
engine lathe in 1800, he turned to still another method. Screw threads 
had been cut in metal as early as the 14th century but were generally not 
accurate enough for the application Maudsley had in mind. To generate 
more accurate threads, Maudsley used a crescent shaped knife which he 
held against a hardwood cylinder at a precisely defined helix angle so that 
rotation of the cylinder would cause the knife to move along the cylinder. 
He then copied these threads in steel. By this method, he was able to make 
screw threads accurate to 0.0001 in. 

Maudsley’s lead screw had square threads. Indeed, most of the threads 
cut in metal up to that time were square following Benevenuto Cellini’s 
advice in a treatise on goldsmithery, “square threads are stronger than those 
made in the other, ordinary way” (whatever that may be). The strength of 
modern threads can be calculated with the help of the table in the article on 
thread strength which begins on page 41. 


Stress testing the hard way 


On May 2, 1953 a BOAC jet airliner roared down a runway at Cal- 
cutta’s Dum Dum Airport and lifted off into the gray sky headed toward 


c. 8. KAUPP & SONS 


Newark Way, Maplewood, N. J.—POplar 1-4000 


METAL CRAFTSMEN 
SINCE 1924 
C 
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New Delhi. Six minutes later while cruising at 10,000 feet, the plane 
mysteriously went to pieces, scattering wreckage over an area of five square 
miles. This was the first of three disasters involving the de Havilland 
Comet I, the first jet airliner to see commercial service. It set off a series 








continued, page 6 
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COMPLETE 
SLIP RING 


ASSEMBLIES 
> 


Standard and 
Custom - Built 


BeaRaazs 
— 2. a | 


+4€02@ € 0 @ 8 
4444644464084 
i. 


NO. SK-1334 STANDARDIZED 
CYLINDRICAL ASSEMBLY 
15 TO 30 CIRCUITS 


Capacity 2 amps, 250 v, 60 cy 
R. P. M.....up to 1200 


Stock delivery. 


All phases of design and manufacture 
of slip ring assemblies are handled by 
the Superior staffs. All contact grades, 
plastic formulae, metallurgy, machin- 
ing and assembly, pilot runs, and other 
steps are under the close scrutiny of 
highly trained personnel. Superior was 
the first to deliver the “complete pack- 
age"’: engineering, contact and holder 
assembly, ring and complete final test 
of entire units. From Superior Carbon 
Products, you buy an unparalleled 
background in the field of slip ring 
assembly design and manufacture. 


The second basic type, a pancake ring 
assembly, with segmented rings of vary- 
ing diameters, 


SUPERIOR 


a 


eSCP» for. V- 3-10). -J-1elelelong- mal. 1 o 
9115 George Avenve : Cleveland 5, Ohio 
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INTERESTING TO NOTE continued 





of tests and enquiries which lasted for over two years and subjected the 
aircraft to the most strenuous tests ever performed on a civil airliner. 

De Havilland engineers were admittedly puzzled. Apparently the planes 
were disintegrating in mid-air but they could offer no explanation for 
the breakup. The de Havilland company, too, faced a severe bind. With 
the air-worthiness certificate on the Comet I’s withdrawn, authorities re- 
fused to grant a certificate to Comet II’s coming off the assembly line or 
to Comet III’s then taking shape. All production came to a grinding halt. 

Engineers began a series of tests. First, they put a Comet on a static 
test stand and applied simulated flight loads with the hope that some- 
thing would come unglued. After 150,000 hours, they were unable to 
find a single structural failure. Next they completely disassembled the 
plane and examined each part for evidence of incipient structural failure. 
Nothing was found. 

The most extensive testing was done in a water tank large enough to 
enclose the plane’s fuselage. The purpose of the tank was to test the 
fuselage at pressure differentials 
equivalent to those of a pressurized 
cabin in flight. The water pro- 
tected personnel from flying debris 
in case anything should let go. 

While the experiments with the 
water tank were going on, wreckage 
of a Comet that had gone down 
near the island of Elba, the only Bde 
wreck whose pieces could be recov- i 

2 i */? 
ered, were being returned to Eng- | ae 
land and painstakingly reassembled & ” te. 
on a special skeleton framework. 
First came the engines and scraps of the wing. Then came bits and pieces 
of the fuselage. Most of the cabin, from the main wing spar to the rear 
pressurization bulkhead was in pieces no larger than one foot square. 
Several theories of the mysterious disintegration were proposed. To test 
the theories, engineers made ;'; scale models which had critical pieces 
held on with pins and bits of string. These were shot at 100 mph from a 
catapault track on the top of a hangar and allowed to “crash”. Comparing 
the distribution of the wreckage with that of the Elba crash produced 
clues to the cause of the disaster. 

The first break in the case came early in July 1954, three months after 
the Comets were grounded. While inspecting the partially assembled 
corpse of the Elba plane, an engineer noticed a long spanwise scratch 
in the upper wing panel. Apparently something had been expelled 
from the cabin with a force great enough to skitter it along the wing for 
several yards before being swept back by the slipstream. The errant 
missile, however, was not among the pieces of the wreck. Three days later, 
the submerged fuselage in the test tank let go with a roar, ripping a gap- 
ing 30-ft hole in the fuselage over the wing. The break had occurred, start- 
ing from a fatigue crack in the corner of a direction-finder “window” 
in the top of the fuselage. The fuselage was patched with new parts and 
tested again. The second break occurred in the same place. 

By August 1954, engineers had compiled enough evidence to point to 
the exact cause of the mishap and the sequence of events. The missing 
piece of the fuselage, one of the last pieces to be recovered was dredged 
up from the sand near Elba. It matched the long scratches on the wing 
and bits of paint from the BOAC markings on the wing were found imbed- 
ded in the sharp edges that had caused the scratch. 

The de Havilland case is an extreme example. Usually experimental 
stress analysis and discovery of incipient fatigue failures requires only 
inexpensive tools and materials. For an explanation of one of the quickest 
and least expensive stress tests, see the article on brittle coatings which 
begins on page 63. 
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NEWS! 


KAYDON NOW REDUCES 
PRICES ANOTHER 
25% TO 42% FOR “CP” 
BALL RADIAL BEARINGS 


AVAILABLE “OFF-THE-SHELF” 


Low prices are also being quoted on 
many other ball and roller bearings 
...both standard (4” bore and larger) 
and special (2” bore and larger). 


You can now save on many of 
your current and future purchases 
of these bearings. 


Send your inquiry now! Write, wire, or call Kay- 
don, Muskegon, Michigan. Phone: PLaza 5-3741. 


K-619 


-ne WP siiistintis nin 


“MUSKEGON, MICHIGAN 


All types of ball and roller bearings — 2” inside diameter to 178” outside diameter . . . Taper Roller 
Roller Thrust * Roller Radial ¢ Needle Roller * Ball Radial « Ball Thrust * Four-Point Contact Bearings 
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Motor Scooter by Lambretta 


When the brightness lasts, you know it’s 
Nickel-Chrome Plating 


On cars, bikes... yes, even motor 
scooters, when the plated parts stay 
bright-looking despite the worst kind 
of wear—Nickel-Chrome Plating is 
the reason why. The stylish scooter 
shown above — which everybody 
seems to be buzzing around town 
on—has more than 30 parts coated 


with this quality finish for lasting 
protection against rain, dust, 
scrapes and bumps. 

Plan to use Nickel-Chrome Plating 
for high-styled beauty that lasts and 
lasts. Almost any basis metal or 
fabricating method can be used. For 
more information on this durable, 


attractive, corrosion-resistant finish, 
write for your copy of The Contribu- 
tion of Nickel and Chromium to the 
Durability of Decorative Plating. 


THE mga 2532 COMPANY, INC. 
67 Wall Street gage, New York 5, N.Y. 
INCO, 


teAOt mate 


INCO NICKEL MAKES PLATING PERFORM BETTER LONGER 
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NONDESTRUCTIVE INSPECTION DEVICES SEEK OUT MINUTE FLAWS 


—help New Departure make better bearings! 


One such device is the N/D Ball Scanner. As eagle-eyed instruments, they subject balls coming down 
the lines to the closest scrutiny. With unfailing consistency, they automatically reject balls having the 
minutest traces of rust, pits, grind marks, blemishes, and other faults, normally undetected by visual 
inspection. Result—balls made by New Departure are more defect-free than ever before. Bearings 
assembled with these balls and used in your products deliver better performance with greater reliability. 


Development of nondestructive inspection devices has long been one of New Departure’s principal 
R & D efforts. The Ball Scanner is just one of the existing devices that are already bringing you higher 
quality and more reliable bearings. Others are still under ‘‘wraps,"’ but are destined to bring you even 
better bearings in the near future. 


The advantages of these ball bearings are available to you now. Contact the New HR 
Departure Sales Engineer in your area. New Departure, Division of General Motors 


Corporation, Bristol, Connecticut. 
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NEW DEPARTURE 


BALL BEARINGS - PROVED RELIABILITY YOU CAN BUILD AROUND 
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HORIZONS 


The seats of the mighty 


N NEW GUINEA—about as primitive as any area of 

our modern world—the chief is distinguished by his 
elaborately carved war club. Raise the level of civiliza- 
tion just a little, and the chief has a throne. His status is 
indicated by the fact that he sits down while everyone 
else stands, bows, grovels, or whatever. You will recall 
that King Canute had his throne brought out to make 
his command to the sea authoritative, that the Stone of 
Scone has been placed within the throne chair at West- 
minster, and so on. 


Sitting down is still the symbol of rank. The elaborate 
chair still signals the executive; the right to sit down 
was until recently the other distinction of the white- 
collar man. When labor groups wanted to embarrass 
management, they sat down; when the Negroes became 
active in the integration battle, much of the furore 
was caused by their assumption of the right to sit down 
—in lunch rooms, schools, buses. In Jackson, Miss., the 
mayor ordered parkbenches removed because Negroes sat 
on them. The animals, who sit where and when they 
will, must have been somewhat amused. 


BUT THE SUPPORT PROBLEM ... 


This is the aesthetic aspect of seating. Two others 
concern engineers more. One is to rest the weary (?) 
bones of operators of everything from automated ma- 
chines to automobiles and involves judicious study 
of the gluteus maximus to ease or prevent its protests. 
This has gone far in this age of comfort, even overseas. 
Among a dozen papers on seating at a recent Chicago 
meeting of the Human Factors Society, Dr. Heinrich 
Dupuis reported studies on tractor vibration at Max 
Planck Institut in Germany. It seems that vibration- 
sensitive drivers develop occupational physical disabilities. 
Of 233 drivers studied, 76% developed ill effects in 
the stomach, gastroptosis (depression) as well as gastritis 
(inflammation of the mucous membranes). 


Tractor seats are designed for medium-weight drivers, 
so light drivers (usually young people) are endangered 
because their bodies are still developing, while the spines 
of heavier people are damaged by inadequate support. 
So some American tractors now have adjustable seats. 
Watch the decline of the old-fashioned stool and hard 
chair after this report! President Kennedy’s tricky back 
and the resulting publicity for Doctor Travell’s advocacy 
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of the old-fashioned rocking chair have had, and are hav- 
ing, their effects too. 


The Air Force has been working out basic principles 
of seating, now has a machine that contour-charts seat 
pressures. (It is called, inelegantly, the “Buttock-scope.” ) 
As a result of these studies a seat has been designed 
that was comfortable to a pilot for 80 continuous hours, 
an essential in the early stages of orbiting a man. 


TESTING TRADITION 


From where I sit, however, these elements pale into 
insignificance beside the growing appreciation of the 
seat as a hypersensitive testing instrument. Everyone 
knows the sensitivity of the seat to heat, cold and damp- 
ness; one of the oldest gestures of civilized man has 
been to turn his seat to the heat. We have already 
reported its use in locating submarine cables (PE—Apr 
10 ’61 p 28) and excessive vibration (PE—Mar 13 61 
p 29). There is also the tale of the Scotsman with the 
calibrated pantaloons who was better than any testing 
device at an English shock-absorber plant, sworn to by 
no less an authority than the former plant manager, who 
is now a respected engineering professor at Brooklyn 
Polytechnic Institute. 


Thus the seat, in addition to creating aesthetic concern 
because it is callipygian or steatopygic (and some rather 
elaborate two-way stretch engineering has been con- 
cerned with THAT problem), seems to be the seat of 
many of our ills if the engineer does an inadequate job 
of supporting it, and is still superior to available instru- 
ments in some kinds of sensitive testing. 


This suggests that we sit down and study the subject 
with as much engineering as aesthetic interest. Could this 
be the area of integration of the “two cultures” we've 
heard so much about? 





CHAIN DRIVEN P.1.V. GIVES YOU 


PRECISE 
POSITIVE 
VARIABLE 
SPEED 


CONTROL A 


For operations requiring stepless, slipless, 
speed-changing, there’s nothing like Link- —§ 
Belt’s P.I.V. . . . industry’s only > 


; 


chain-driven variable speed drive. — 
Unusual speed control accuracy [ 
results from P.I.V.’s unique an 
design featuring wheels and 

chain with teeth. The two pairs 

of conical wheels act as gears 

... mesh with self-tooth-forming 

chain to assure positive contact 

under all speed and load conditions. 
Link-Belt’s P.I.V. line includes 8 sizes and 
16 standard types, capacities from 2 to 

25 hp. Speed adjustments can be made 
manually or automatically with mechanical, ff 
hydraulic, pneumatic or electric controls. 


For full details, contact your nearest Link-Belt Wi Sff 
office. Look under POWER TRANSMISSION Ways £ 


EQUIPMENT in the classified section of your 
local phone directory. Send for catalog. 
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FROM MINIMUM SPEED 


TO MAXIMUM SPEED 
NO SLIPS...NO STOPS... 


NO STEPS IN BETWEEN 


With a Link-Belt P.1.V.—Positive, Infinitely 
V ariable—drive, speeds can be varicd in an 
instant, regardless of load and without stopping 
the driven machine. A turn of the control screw 
changes the speed. The control screw simulta- 
neously varies the effective diameters of the 
conically shaped wheels—closing one pair, 
spreading the other. This automat- 

ically, instantly adjusts the chain to 

provide a controlled output speed. 

Slippage? Not a chance—P.I.V.’s 


comm 
f 
chain-to-wheel grip is positive as semtny 


a gear. 


P.1.V. VARIABLE SPEED DRIVES 


LINK-BELT COMPANY: Executive Offices, Prudential Plaza, 
Chicago 1. To Serve Industry There Are Link-Bel 
Plants, Warehouses, District Sales Offices and Stock 
Carrying Distributors in All Principal Cities. Export 
Office, New York 7; Australia, Marrickville (Sydney); 
Brazil, Sao Paulo; Canada, Scarboro (Toronto 13), 
South Africa, Springs; Switzerland, Geneva. Represent- 
atives Throughout the World. 15,701 
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SAVE '/4 INCH 

WITH THIS NEW 
TINIEST 

GENERAL ELECTRIC 
GLOW LAMP 











AIc NE2H 


Here’s an indicator light that’s only two-thirds the size 
of G-E glow lamps formerly available. Yet it lasts as long 
and has equal brightness. It’s available as a high bright- 
ness lamp (AIC) and a standard brightness lamp (A1B). 


This new General Electric glow lamp packs 5 mm 
electrodes into an M.O.L. of 4”. Its maximum diameter 
is .244’’. It operates on standard line voltage, and because 
it uses a higher value resistor than a conventional glow 
lamp, it runs on half the current. This 44” long lamp, 
therefore, has a reduced total light output but because 
its brightness is not reduced, it is just as effective an 
indicator as other glow lamps in most applications. 


You can get this new glow lamp for less than 5¢ each 
in lots of 25,000. (Slightly more with a resistor attached.) 


For complete information write: General Electric Co., 
Miniature Lamp Dept. M-151, Nela Park, Cleveland 12, 
Ohio. Ask for Bulletin No. 3-1504. 


Progress /s Our Most Important Product 


GENERAL @@ ELECTRIC 
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READER 
TO EDITOR 





Pre-Soviet Soviets 
To the Editor: 

It is shocking to find that the Sov- 
iets’ propaganda war has successfully 
penetrated the editorial columns of 
PE. In the October 2 issue (page 11) 
you credit them with building a type- 
writer in 1840, and caption a cut as 
showing Soviet carts in 1903. Did the 
USSR exist then? Or was it Russia? 
I certainly hope it is not a case of in- 
filtration! —Homer § Davis 

Los Angeles, Calif 


It was a case of non-filtration; no- 
body sifted out the modern word 
“Soviet” in the copy, so in this case 
the Soviets were credited for Russian 
accomplishments—quite a switch! A 
somewhat similar situation has been 
uncovered by two alert readers in 
“The Great Paper Robbery,” in the 
Interesting to Note column for Aug 
28. There is some debate about who 
actually discovered paper, but one 
school holds that it was the Bactrian 
tribe in Afghanistan—and the Chinese 
stole it frora them! Further, there was 
no mention of a Moskau until the 
twelfth century, and first traces of or- 
ganized living were in the Kiev area 
in the middle of the tenth, so Russians 
obviously couldn’t have been at war 
with China in 751, as our story had it. 
There is a story that Muscovites (from 
the heartland of what became Russia) 
sacked Samarkand one summer while 
Tamerlane (1336?-1405) was fight- 
ing the Persians or Hungarians, and 
that he made forced marches on his 
return to catch them and annihilate 
the raiders. Be all that as it may, the 
Russians stole no paper secret from 
China in 751 AD—there was a broad 
expanse of flat land and some moun- 
tains populated by fierce Mongol tribes 
between China and any Moscow there 
might have then been. In the middle 
of the eighth century, ‘China was at 
war with the Arab nations—probably 
Persia—so it was likely the Persians 
who wormed out the secret. In any 
case, our word paper comes from 
“papyrus” which is as far as I know, 
a Near East sedge, from the pith of 
which the Greeks, Romans and 
Egyptians produced a crude form of 
plaited paper. —EJT 


Other-world Gear Tolerances? 


To the Editor: 

I have read with interest your article 
entitled “New AGMA Classification 
System for Gears” (PE—July 10 61, 
p 68). I would like to bring to your 


PRODUCT ENGINEERING » NOVEMBER 27, 1961 





notice a similar specification that now 
exists in England, ‘Precision Gearing 
for Control Systems and Armaments,’ 
BR 6001/1 by an Admiralty Working 
Party, available from Her Majesty’s 
Stationery Office. In my humble 
opinion it would seem that this speci- 
fication has certain advantages in pre- 
sentation and is a little more definite 
in its approach. Further, some of the 
tolerances quoted in the AGMA would 
appear to be out of this world and it 
is suggested that rather than increase 
the difficulties of the already hard- 
pressed manufacturers, error-com- 
pensating devices be employed, allow- 
ing wider manufacturing tolerances 
but obtaining similar results at far less 
cost. 

—RAYMOND V THOMPSON 

Stevenage, England 




















Correction: 

In Critical Speed for Vibra- 
tion (PE—Sep 4 ’61, p 215), p = 
(we"/gEl)“, w = weight of shaft per 
unit length; equations for D, and D, 
should be, respectively: Ds [cos bpl 


. . etc, and —D, [cos bpl . . . ete. GRIPCO GUS 
| expands the gang... 


COMING EVENTS 
Have you met hard workin’ GRIPCO GUS? His job is finding 


DECEMBER the best nut for your application—and that naturally includes 
: ~ developing new ones from time to time. His latest brainstorm 
4-5 as ssa work Univ, Conference is a particularly good example of this continuous service. 
on Beryllium Metallurgy, College of More important, it’s a particularly good nut. Take a look: 
Engineering, University Heights, New The New GRIPCO* TAB WELD NUT 

York City $1 (Spotweld Type) Single weld area for appli- 


12-14... . Institute of Radio Engi- cations whese space is a factor. 

neers, AIEE, ACM, Eastern Joint $2 ee Type) Double weld area for maxi- 
Computer Conferenc ner < 

ee Wiis Sheraton Park P1 (Pilot Projection Type) Single weld projec 
; P2 (Pilot Projection Type) Four weld projec- 
JANUARY ; tions, eliminating rocking during welding oper- 
; ation and to give a maximum weld. 

8-12 .... Society of Automotive Engi- All offering: 

neers, Automotive Congress & Expo- e Self-locating pilots for fast, accurate posi- 
sition, Cobo Hall, Detroit tioning—no locating devices needed. 

e Convenient location of pilots and projections 
9-11 . . .. Institute of Radio Engi- —no retapping required. 

neers, 8th National Symposium on ¢ Fast, clean welding—minimum current, short 
Reliability & Quality Control, Statler- time-cycle. : 

Hilton Hotel, Washington a quality, low cathen stecl com- 


yp ee. ; : e Optional self-locking feature—the exclusive 
merican Institute of GRI Toplock. 


Electrical Engineers, Winter General 

: oF Complete rang i i imm 
Meeting, Statler-Hilton Hotel, New " Gavade c= ee _ 1 
York City Get the full details on the new GRIPCO Tab Weld Nuts—including 
, . lata on welding set-ups and complete price information—from your 
29-Feb 1 . . . . American Society GRIPCO GUS. You'll find him listed in the Yellow Pages under 
Heating, Ventilating, Air Conditioning “Bolts & Nuts” as the local GRIPCO Representative. 
Engineers, Semi-annual meeting, Chase 
Park Plaza Hotel, St. Louis 


For a listing of addresses of societies N T |e, of Heli-Coil Corporation, 
and associations send 25¢ to Product COMPANY care ee 
Engineering Reader Service Dept, 330 911 Maple Ave. © South Whitley, Ind. ® Phone: South Whitley 723-5111 


W 42nd St, NY 36. Ask for brochure 3136 
R 32. 
































P2 





*GRIPCO is a registered trademark of Grip Nut Co. 
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Don't let neéd/ess overmotoring stea/ your profits! 
















NEW REULAND INTERMEDIATE HORSEPOWER RATINGS 
NOW LET YOU BUY JUST THE H.P. YOU NEED! > 77 7 i 7) 











% 














oye) 3 (eee 5 
f Reuland’s 13 new, “intermediate” horsepower ratings let you now 28 horsepower £U,* 1. ko eae 
, choose motor sizes in between conventional N.E.M.A. ratings... help ratings a %, 6% 7 Ye amas) 10 
you cut motor costs by buying only the horsepower you need. No 8 1214* 15 174%4*)| 20 
longer must you pay for needless overmotoring...no longer must through 60 
you buy horsepower you can’t use! ...13 brand new (22a5") 25 274%" 30 





Typical examples of savings are the new 3214, 35 and 3714 H.P. exclusive ; 
] ; ; 25 B aet- * * * 
ratings in between the standard 30 and 40 H.P gap. Others are  jntermediate ratings! 32% 35 37% 40 
spaced at intervals between 2 and 60 H.P, and priced accordingly. y 45* 50 55* 60 
In addition to reducing basic motor costs, savings are also often 
gained on lower rated components such as gear boxes, couplings and *New intermediate ratings 
controls. Compactness and lighter weight are further advantages. 
Reuland “intermediate” ratings have application in almost every 
industry...wherever a machine’s performance curve indicates a 
required H.P. in between conventional motor sizes. Why not check to 
see what these new “intermediate” ratings hold in store for you! 



























Your copy of this 
new catalog on the 
complete Reuland 
line will come in 


handy. Sent free 





on request 


MODERN POWER FOR MODERN-DAY PRODUCTS 
.-- all in lightweight, cool-running aluminum frames! 


REULAND ELECTRIC COMPANY 
WESTERN DIVISION: ALHAMBRA, CALIFORNIA 

R EASTERN DIVISION: HOWELL, MICHIGAN 
DISTRIBUTORS IN ALL PRINCIPAL CITIES 
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ANACONDA EXTRUDED SHAPES 


when you want 
extra strength... 
when you need 
longer wear! 


When you are called upon to incorporate per- 
formance characteristics such as these, to a 
greater degree than is provided in parts made 
from sand castings, consider Anaconda Ex- 
truded Shapes. Parts cut from extruded shapes 
are superior in quality and do improve the 
strength and durability of your finished product. 

Anaconda can provide long lengths of pre- 
formed shapes exactly suited to your design 
requirements. Parts made from these extruded 
brass shapes are characterized by their strong, 
homogeneous, wrought-metal structure. What’s 
more, the smooth, extruded surfaces also reduce 
many finishing operations—additional savings 
for you. 

More and more manufacturers design extra 
strength and longer wear into finished products 
by using these preformed shapes. Let our 
technical service personnel lend practical—and 
imaginative—help in adapting extruded shapes 
to the economical production of intricate parts. 

Publication B-37 supplies full facts on Ana- 
conda extrusions in various alloys. Call your 
Anaconda representative or write: Anaconda 
American Brass Company, Waterbury 20, 
Conn. In Canada: Anaconda American Brass 
Ltd., New Toronto, Ontario. 


EXTRUDED SHAPES 


ANACONDA 


AMERICAN BRASS COMPANY 
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ame New Copper-Clad Reliability — 


In March, 1961, CDF Grade 614, glass-epoxy lami- 
nate, was announced ... and met with almost 
overnight acceptance. Particular electronics and 
electrical manufacturers wasted no time in 
specifying this premium performance material 
with zero burnout and minimum “‘haloing.”’ 


By June, 1961, CDF Grade 614 had become the new 
standard of comparison for applications in crit- 
ical ground and air-borne circuitry. Designers like 
its specifications, production men like the way it 
handles, management likes its reasonable price. 


Now, CDF Grade 614 Copper-Clad is setting a new 
pace among particular producers of printed cir- 
cuits .. . offering a new high in reliability for high 
packaging densities . . . and offering researchers 
a new tool in the investigation of molecular and 


submicro-circuitry. 
: 


You can take advantage of 614 Copper-Clad’s unique features 
right now . . . in research, development or production operations. 
Continental-Diamond Fibre Corporation, Newark, Delaware. A 
Subsidiary of the $a4/ Company. 
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OTHER FLEXONICS BELLOWS 


POP PPPR PP RL 
seeeereee 











FLEXONICS CAN HELP you. If you are con- 
fronted with a problem involving absorbing, 
compensating, transmitting, or converting en- 
ergy or force, your answer may well be a bellows. 
A good source of counsel is the Flexonics 
Application Engineering Staff. These men are 


from the simple sensing device of the domestic 
range to highly intricate and delicate fluid me- 
tering controls for missile engines. Flexonics 
bellows can be furnished in a broad range of 
metals. You are invited to submit your problem 
for analysis — without obligation. 


experienced in all areas of bellows application 
8-840 


ION OF CALUMET & HECLA, INC. 
Devon Avenue + Bartiett, titineis 


BtlLows 


Pcencin Snpimater 


Flexonics 
386 East Devon 
Bartlett, Ilinois 


Please send my per- 
sonal copy of Flex- 
onics 20 page Bellows Design Guide 
covering in detail Flexonics products 
and services for bellows applications. 


Rae CSS BRR RRB ee eee eee 
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FLEXIBLE METAL and SYNTHETIC HOSE 
EXPANSION JOINTS 
BELLOWS + SPECIAL TUBULAR ASSEMBLIES 


in CANADA 
FLEXONICS CORPORATION OF CANADA, LTD. 


BRAMPTON, ONTARIO 
fy 
YY 
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Cosco Stools, Tables, Carts are. . . 


“Made Like A Million” with 
Pittsburgh Steel Sheet 





Make your products “like a mil- 
lion” and you'll sell them by the 
million. 

That’s the philosophy practiced at 
Hamilton Cosco, Inc. of Columbus, 
Indiana, manufacturer of nationally 
known Cosco brand tubular steel 
frame household and juvenile prod- 
ucts and office chairs. 

And the philosophy has paid off. 

Introduced 16 years ago, Cosco 
household stools have averaged near- 
ly a million units a year. Their suc- 
cess led to development of other pop- 
ular Cosco products ranging from 
baby jumpers to executive office 
chairs. 

Pittsburgh Steel Company plays 
an important part in Hamilton’s 
success by supplying substantial 
quantities of cold rolled sheet that 
consistently meet Cosco’s ultra- 
critical requirements. 

For, at Hamilton there’s no such 
thing as a “second” in a finished 
product, be it serving cart or stool, 
playpen or folding bridge chair. The 
slightest imperfection — in forming, 
bending, painting or plating — re- 
quires reprocessing or scrapping of 
the defective item. 

Supplying cold rolled sheet that 
faithfully meets such air-tight qual- 
ity control places unusual responsi- 
bility on the steel supplier. 

But, Pittsburgh Steel regularly 
meets this obligation with sheet 
known throughout the metalworking 
industry for its three “F’’ qualities: 


@ Flatness — for exposed surfaces 
where appearance is vital and for fast 
production on automatic and semi- 
automatic equipment. 


@ Finish —dense, exceptionally 
clean surface for critical finishing 
operations, particularly Hamilton’s 
electrostatic painting process. 


@ Formability — for precise uni- 
formity in stamped, drawn, rolled 
or bent shapes; and especially for 
non-fluting characteristics in difficult 
bends on electric-welded tubing rolled 


The three “F” features of Pittsburgh 
Steel sheet—flatness, finish, form- 
ability—show up in assembly of the 
popular Cosco “Hour Glass” step stool. 
Gleaming backrests, gracefully curved 
tubular legs and brackets, seat pans and 
fold-away steps, all reflect quality of 
Pittsburgh cold finished sheet 
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Flatness of Pittsburgh cold rolled sheet is critical for 
appearance, rigidity of stool seat and for trouble-free pro- 


duction in long runs. Here, after forming and piercing, 
raw edges are turned under. 


| Valiant aa 
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Finish of Pittsburgh Steel sheet provides dense, excep- 
tionally clean surface for tight, smooth paint adherence 
required by Hamilton’s electrostatic painting process. Seat 
pans for Cosco’s unique gatefold card table chairs show 
painting quality of steel. 


Formability of Pittsburgh Steel sheet is demonstrated here 
as ¥%, inch tubing, rolled from slit sheet, takes severe bends and 
deformation required for backrest brackets. Non-fluting quality 
of steel on radius of bends is vital on this and all other tubular 
parts produced by Hamilton Cosco, Inc. 


from Pittsburgh Steel sheet. 

H. E. Spurgeon, purchasing agent, 
said: 

“The company’s success is based 
on its insistence on absolute quality 
of its products—and that means qual- 
ity starting with raw steel. We do 
many things merely because it’s the 
best way. 

“Performance of Pittsburgh sheet 


the steel with the three “F’”’ qualities 
—can help step up your product qual- 
ity, too, whether you’re using hot 
rolled or cold rolled, sheet widths or 


strip widths. Contact one of the Pitts- 
burgh Steel Company District Offices 
listed here. We'll match the steel to 
your product. 


Pittsburgh Steel Company 


Pittsburgh 30, Pa. 


Grant Building 





is very good, we’ve found. Over-all, er 
I'd say Pittsburgh Steel is a very 
satisfactory supplier.” 


Pittsburgh Steel Company sheet— 


DISTRICT SALES OFFICES 


Cleveland 
Dallas 


Los Angeles 
New York Tulsa 
Philadelphia Warren, Ohio 


Dayton 
Atlanta Detroit 
Chicago Houston 
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T he rich look of wrought iron, yet Westmoreland’s new fencing is... 
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GUARDED BY GALVANIZED STEEL 


You’re looking at an attractive new idea in fences from 
Westmoreland Metal Manufacturing Company of Phila- 
delphia. It’s a steel fence made of square tubing which 
duplicates the traditional appearance of wrought iron. But 
it costs less and virtually eliminates maintenance problems. 


It’s made of galvanized steel, which means lasting protection 
from the punishing whims of Old Man Weather. Come rain, 
come snow, the zine coating stays on guard for keeps. 
Galvanized steel also helps hold down the price of this fence 
because of its low initial cost and the ease with which it can 
be formed into desired shapes. 


MIDWEST STEEL 


Portage, Indiana 


WEIRKOTE® IN PARTICULAR! The galvanized steel 
used in this new fence line is National Steel’s Weirkote. To 
the inherent strength, economy and versatility of steel, 
Weirkote adds enduring zinc protection via the modern 
continuous process. As a result, Westmoreland president, 
Irving H. Kutcher, reports: ‘““Weirkote comes through our 
fabricating operation without any harm whatsoever to its 
protective zinc coating. We never have to worry about 
chipping or peeling.” Weirkote is manufactured by two 
National Steel Corporation divisions, Weirton Steel and 
Midwest Steel. Write Weirton Steel, Weirton, West Virginia, 
for further details. 


WEIRTON STEEL 
Weirton, West Virginia 


Divisions of 


® NATIONAL STEEL CORPORATION 
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TEST YOUR 


ELASTIC STOP* nut 
KNOW-HOW 


WITH THIS 60-SECOND QUIZ 











1) To provide controlled interference (locking 

torque) with bolt threads, the nylon locking insert of 

an Elastic Stop nut has an I. D. that is 
a.(]undersized _b. (] same size 

in relation to major diameter of standard bolts. 


ey As bolt threads enter the nylon locking collar they 
a.(]cut b.() impress 

perfect mating threads and bring bolt and nut thread 

surfaces into firm metal-to-metal contact. 


© An Elastic Stop nut 
a.(lincreases 6. diminishes ce. () eliminates 
wear producing axial play between bolt and nut. 


Upon removal from the bolt, the nylon collar of 
an Elastic Stop nut 
a. ([] retains its thread 
impressions. 


b. (1) tends to resume its 
original shape. 


8 A nylon insert Elastic Stop nut can be re-used 
without losing its locking torque 


a.[]10times 6.[) 25times c. (1) over 50 times 


6) An Elastic Stop nut will 
a.(jalways 6.{]sometimes_ c.{] never 
seize, gall or remove plating from bolt threads. 


fe An Elastic Stop nut can be 
a.(_] more accurately _b. ([) less accurately 
prestressed than an all-metal nut. 


8) Regardless of vibration, impact or stress reversal 
an Elastic Stop nut will stay put 
a. ([] anywhere on b. (] only when torqued 
the bolt. against the work. 


© Fuels, lubricants, moisture 

a.([}can 6.[) cannot 
seep past the chemically inert locking collar to cause 
corrosion of internal bolt-nut threads. 


® The single-unit Elastic Stop nut costs approxi- 


mately 
a.{[]more 6.[])thesame_ c.{Jless 
to install than a castellated nut and cotter pin, or a 


double nut. 


Check Your Score 
@. Oo». @-. Or. @ «. O-. @ «. O- Ov. ® «. 





Write Dept. 562-1145 for Elastic Stop nut Bulletin de- 
scribing hundreds of Elastic Stop nut hex shapes and 


sizes— from 0-80 to 4”—-in carbon and stainless steels, 
brass,alyminum andotheralloys, in all standard finishes. 








sw ELASTIC STOP NUT CORPORATION OF AMERICA 


2330 Vauxhall Road, Union, New Jersey 


for the ring of 
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SPEED IT UP...SLOW IT DOWN... 





ONLY THIS DRIVE 
IS SIMPLEST, 
MOST ECONOMICAL 

... ROUBLE-FREE 


rhe drum at the top—it could represent one of 
your machines—changes speed smoothly with 
each turn of the handwheel. Of at least four 
ways to do this with simple V-belt drives, only 
the Worthington Variable Speed Motor Pulley 
system is so simple, so trouble-free.* 


What is so different? In any V-belt system 
you must, of course, keep the belt perfectly 
aligned or increased wear will result. The 
Worthington drive does this perfectly . . . auto- 
matically. The illustration shows how. 


See how the motor and motor pulley are 
mounted on Worthington’s exclusive Angle- 
Matic base. The motor travel is at a slight (but 
precise) angle to the line of the belt. So, as the 
handwheel is turned, the inner motor pulley 
flange moves laterally in exact synchronization 
to its widening gap. And the spring-loaded 
outer flange stays in perfect alignment, too. 

Now compare the Worthington Angle- Matic 
base and the simple, single-moving-flange 
Motor Pulley with other systems. One requires 
a highly complex dual-moving flange pulley. 
Another requires two adjustable sheaves. A 
third uses a substitute for the true V-groove 
companion sheave. None are so simple or 
trouble-free. 


This is just one example of how Worthington 
gives you more value in variable speed drives. 
This Motor Pulley produces speed ratios up to 
3:1 and is available for 4th to 15 hp. For 
more information, please contact your nearest 
Worthington distributor listed in the Yellow 
Pages. Or write Worthington Corporation, 
Section 79-36, Oil City, Pa. 


PRODUCTS THAT WORK 
FOR YOUR PROFIT 


WORTHINGTON 


How does it work? As the handwheel turns one way, it pulls 
motor back from the drum; the belt forces itself deeper in 
motor puiley; the flanges move apart, effectively reducing 
pulley diameter. Because the motor turns at constant 

speed, the smaller pulley diameter causes the drum to slow 
down. Turn the handle the other way, the drum speeds up 
Up to 3:1 speed change is made by this Worthington drive 





good taste 
in stainless steel 


VICLOUTH 
STAINLESS 


ST E EL.—the CLEAN metal 
for kitchens and food handling. 


McLouth Steel Corporation 
Detroit 17, Michigan 


a 
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APEX SMELTING COMPANY 
ANNOUNCES THE MOST 
SIGNIFICANT ALLOY DEVELOPMENT 
IN ITS 38-YEAR HISTORY 


Aluminum Alloys 
for die casters 
now part of Allcast line 


For years Allcast 70, developed by Apex labora- 
tories, has been the alloy that sand and permanent 
mold foundries prefer for their difficult jobs to 
achieve consistently high fluidity, absence of 
shrinkage, pressure tightness and a consequent 
high yield with a minimum of rejected castings. 

Recognizing that die casters, too, had need of an 
alloy possessing not only these characteristics, but 
also offering minimum sludging and soldering, 
Apex’s technical staff experimented with a variety 
of alloy heats and additives. Yet, after hundreds of 
tests, the elusive goal of consistent results had 
still not been achieved. 

Then, early this year, Apex’s technical staff was 
elated to hit upon new refining and alloying pro- 
cedures that held promise of yielding the desired 
results. 

Would the resulting alloy stand up under “tough 
job” conditions in the field? To get the answer, 
Apex enlisted the help of a number of its die casting 
customers and asked them to put the new alloy to 
the test. With shipment after shipment, on a 





consistent basis, these customers reported obtain- 





ing benefits such as these: 


Increased fluidity 

Minimum sludge formation 
Less porosity and cold flows 
Less lubricant required 

Less tendency to solder 
More shots per hour 

Lower casting temperatures 
Extended die life 

Brighter surface finish 
Better machinability 
Greater pressure tightness 





Though the new alloy appeared assured of 
acceptance, another big obstacle to practical adop- 
tion still remained—the substantially higher pro- 
duction costs of the new refining and alloying 
procedures. It remained for the Apex executive 
committee to resolve this problem by authorizing 
the expenditure of up to a million dollars for plant 
modernization and new equipment whose greater 
efficiency is expected to offset the increased costs. 
At the same time, the executive committee author- 
ized immediate adoption of the new procedures, 
with Apex absorbing the higher costs. 

Apex Allcast aluminum die cast alloys, prepared 
in conformance with standard or custom specifica- 
tions, are now available at Apex’s Chicago, Cleve- 
land and Los Angeles plants. 





APEX SMELTING COMPANY 


Chicago 12 + Cleveland 5 « Long Beach 10, California 
Springfield, Oregon (National Metallurgical Corp.) 
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By replacing the hydraulic system, a 
Saginaw b/b Screw has eliminated 
pumps, valves, motors, plumbing, 


reservoirs, filters and fluid. 


b4, screw leaves room to spare 


THE SPACE-SAVING Saginaw Ball Bearing Feed 
Screw on this automatic transfer machine is far 
more efficient, economical and maintenance-free 
than the hydraulic system it replaced. High Effi- 
ciency — more than 90% —is the secret of its 


superior performance. 


Uniform feed despite load changes caused by hard 
or soft spots or interrupted cuts frequently doubles 
cutting tool life! The need for power sources, gears 


WRITE TODAY FOR NEW DATA BOOK 
OR SEE SWEETS CATALOG FILE 


Lacayeyeqayeyas 


and controls is reduced . . . operating costs are less 
... housekeeping and maintenance are minimized. 


Which of these Saginaw b/b Screw 
advantages are important to you? 


HIGH EFFICIENCY exceeding 90% of input; 
LIFE predictable within 10%; 


STEPLESS CONTROL over the entire length of 
the stroke; 


HIGH REPEATABILITY of any position; 


PRECISE POSITIONING — no stick-slip or expansion 
due to friction induced heat; 


EASE OF SYNCHRONIZING multiple units; 
SMALLER COMPONENTS in the power source and 


drive transmission, and 





RELIABILITY under varied operating conditions. 


* 
Janina ball/bearing SCREWS and SPLINES 


SAGINAW STEERING GEAR DIVISION + GENERAL MOTORS CORPORATION + SAGINAW, MICHIGAN 
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The editors 
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... of PRODUCT ENGINEERING 


Announce the 


THIRD ANNUAL 


MASTER DESIGN 
AWARDS 




















COMPETITION 








for Achievement in Product Design 
and Development 
in the United States during 1961 
Here is your opportunity to secure top industry recognition 
for products developed by your company during 1961. Awards : 
are made on an individual basis to the engineers directly re- Editors 
sponsible for the design of these products. Although your PRODUCT ENGINEERING 


company also receives recognition, the primary purpose is to 330 West 42nd St., New York 36, N.Y. 
recognize and reward individual design achievement. 





Please send me Official Entry Forms for the 
SEND FOR YOUR ENTRY ForRM Topay. Fill out and mail the 1962 Master Design Awards Competition. 

coupon at right and you will receive copies of the Official 
Entry Form outlining the simple procedures for entering the 
Awards Competition. Or, if you prefer, write “Awards Fold- 
er” on the Reader Service Card. Company. 


All entries must be received by PRODUCT ENGINEERING editors 
not later than January 15, 1962. Winning entries will be fea- 
tured in the April 16, 1962, issue of PRODUCT ENGINEERING. 
Awards will be presented during the Design Engineering 
Show in Chicago, April 30-May 4, 1962. 


Name 








Street & No 





City & State. 
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NEWS! ONLY 
V-BELTS BY GOODYEAR 


to give you sets matched in length to pull together 


What's more, Green Seal V-Belts give you— 


True dimensional stability for the life of the belt—built 
in through the use of shrink- and stretch-resistant 3-T 
. Process Cord or airplane-type steel cable. 


Mildew-inhibited construction for protection in damp 
operating conditions. 


Widest selection from the most complete V-belt line 
anywhere. 


Ready availability from distributor stocks in every part 
of the country. 


Technical assistance whenever it’s needed from a 
qualified expert, the G.T.M.—Goodyear Technical Man. 


For the best buy in V-belts cal! your Goodyear Distrib- 


utor. Or write Goodyear, Industrial Products Division, 
Akron 16, Ohio. 


re 
Lots of good things I 
come from V4 


PRODUCT ENGINEERING - NOVEMBER 27, 1961 





GREEN @ SEAL 


ARE CODED 


10 1/82... 


perfectly for longer, more trouble-free service 


AR 
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NN 
LENGTH-CODING GREEN SEAL V-BELTS TO 1/32”—NOT JUST 
1/10”, LIKE MOST BELTS—takes this ultra-precision machine. Only 
Goodyear has this type equipment, which is set by means of fine 
tolerance steel templates to insure accuracy. Machine readings are 
in the actual code numbers used to eliminate errors. 
Green Seal —T. M. The Goodyear Tire & Rubber Company, Akron, Ohio 


INDUSTRIAL PRODUCTS 
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More OEM’s than ever before 
are swinging to FORD POWER 


...pecause 


INDUSTRIAL 
Sto i= 
SERVICE 
IS 
P/N N=) 8 = 
2) | EVERYWHERE 
| FORD 


INDUSTRIAL \ = 
ENGINES. wS 
Wile) -1= “i 


DELIVER 
HORSEPOWER > j 


oe 


3 ¢ 
VE? 


These are just a few of the many reasons original 
equipment manufacturers from coast to coast are 
specifying Ford Industrial Engines. 

Only Ford offers a full line of modern, overhead- 
valve-design engines. They’re compact and modern, 
delivering more horsepower per pound of engine weight 
than ever before possible. For OEM design engineers, 
this means greater freedom of equipment design plus 
important weight savings! 

For true economy, Ford’s short 
stroke design can’t matched ... 
it minimizes friction and delivers 


of fuel! And overhead valves permit faster, easier servic- 
ing. Costly downtime is further pared for your custom- 
ers by the immediate availability of parts and service. 
All the more commonly purchased replacement parts 
are stocked by your nearest Ford Dealer. 

Ford Industrial Engines range from 134 to 534 
cubic inches, including modern diesels. Most engines 
are available as foot- or skid-mounted power units. 

For dependable power that can be 
easily matched to your original equip- 
ment requirements . . . specify Ford 
Industrial Engines! 


more usable power from every drop INDUSTRIAL ENGINES 


YOUR JOB IS WELL-POWERED WHEN IT'S FORD-POWERED! 
INDUSTRIAL ENGINE DEPARTMENT, FORD DIVISION, FORD MOTOR CO., P.O. BOX 135, DEARBORN, MICH. 


FORD INDUSTRIAL ENGINE DEPT., P.O. BOX 6787, LOS ANGELES 22, CALIF. 
+ FORD INDUSTRIAL ENGINE DEPT., P.O. BOX 1666, RICHMOND, CALIF. 





€ West of Rockies write to: 
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How a Design Engineer took the 
fatigue cracks out of a high-stress turnpost 


Designed originally as a weldment, this turnpost for a hydraulic loader was failing too often in 
the field—particularly when severely overloaded during sub-zero winter logging operations. 


Analysis of failures indicated abnormal buildup of loads at stress concentration points in the 
heat-affected area of the weldment. Fatigue cracks also appeared in the top plate shoulder because 
of unyielding stiffness at the weld line. Undesirable permanent set in the weldment developed 
below the shoulder prior to failure. 


The turnpost was converted to a forging without the necessity for redesign of any other 
assembly component—with a cost reduction of $7.72 per 
turnpost. The log-loader manufacturer reports ... “‘we 
have received no complaints about turnpost failures since 


changing to a forged part.” 
Read details of this forging application on the following pages. FOR RELIABILITY 
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The combination of improved properties provided by forgings eliminated failure 
from overloads, mechanical shock, and sudden stress reversals on unloading. 


The unique long-fiber grain structure of the forged 
part —a myriad of microscopic “reinforcing bars” 
was oriented at right angles to the severest stresses, 
providing maximum strength at critical points. 


High strength of the forged turnpost provided an 
estimated 45 per cent increase in fatigue resistance 


at points of maximum stress concentration with a 
25 per cent reduction in average wall thickness. 
Excessive stiffness and rigidity associated with the 
former massive column design was eliminated. 

Because forgings are made from the best grades of 
rolled bar stock and never pass through the liquid 
state during production, they contain no voids, gas 
bubbles, unwanted segregates, or dangerous inclu- 
sions. Such faults can impair value and hike end 
costs, particularly where machining is required. 








In summary, by converting to a forging the designer put to work this particular combination 
of forging properties: 


1. High modulus of elasticity 4. High fatigue resistance 
. Maximum impact strength 5. Stress-oriented grain structure 


3. Low mechanical hysteresis 6. Solid, void-free metal 


CASE STUDY REPORT 


Learn how the designer licked this turnpost design problem. Write for the CASE STUDY 
REPORT complete with drawings, photographs and full technical information—available 
without charge on request. Mail your request to Drop Forging Association « Dept. PE-1 + 
55 Public Square « Cleveland 13, Ohio 





Modern forging equipment and 
technology keep forging 
plants modern in production, 


,competitive in price. 


aq 


Even greater uniformity of parts is achieved by this fully- 
automatic forging line now in operation at a modern forging 
plant. Automatic cycling and transfer of forging stock speeds 
production, keeps parts costs down, improves quality and 
tolerances of forgings, benefits forgings users. 


Careful quality control and uniformity of finished forgings 
begins with a preliminary visual inspection which is followed 
by precision dimensional checking. 


This mechanized “stack-rack’’ manipulator in a modern forge 
shop helps store precise forging dies weighing hundreds of 
pounds in easy-to-reach racks, eliminates die damage, speeds 
delivery of dies to the forging-equipment area. 


Whew 4% a wilal part, desiqn it to be 


THE FOLLOWING COMPANIES OF THE 
FORGING INDUSTRY HAVE SPONSORED THIS 
INFORMATIVE SERIES OF CASE STUDIES: 


CALIFORNIA 


California Drop Forge Company * Los Angeles, Calif. 
Kortick Manufacturing Company * San Francisco, Calif. 


CONNECTICUT 
The Billings and Spencer Company *« Hartford, Conn 
Wilcox-Crittenden Div., N. & J. Mfg. Co 
Middletown, Conn 


ILLINOIS 


AmForge, Div. American Brake Shoe Co. * Chicago, III 
Clifford-Jacobs Forging Company * Champaign, Ill 
Commercial Stamping & Forging, Inc. * Chicago, Ill 
Cornell Forge Company * Chicago, Ill 

Englund Forge Company Inc. * Bensenville, Ill. 

A. Fink!l & Sons Co. « Chicago, Il! 

Forgings & Stampings, Inc. * Rockford, Ill 

Kropp Forge Company *« Chicago, III 

Modern Drop Forge Co. * Blue Island, Ill 

Pettibone Mulliken Corporation * Chicago, Ill. 
Rockford Drop Forge Co. * Rockford, Ill 

Standard Forgings Corporation * Chicago, III 
Taylor Forge & Pipe Works « Chicago, Ill 


INDIANA 
Broderick Co., Div. of Harsco Corp. * Muncie, Ind 
Indianapolis Drop Forging Co., Inc. * Indianapolis, Ind 
Portiand Forge, Incorporated * Portland, Ind 


MAINE 


Thos. Laughlin Div., Amer. Hoist & Drk. Co 
Portland, Me 


MASSACHUSETTS 


Cape Ann Tool Company * Pigeon Cove, Mass 

H. E. Holbrook Drop Forge, Inc. * Worcester, Mass 
Porter Forge & Furnace Inc. * Somerville, Mass 
Storms Drop Forging Company * Springfield, Mass 
Wyman-Gordon Company * Worcester, Mass 


MICHIGAN 
Buchanan Steel Products Corporation * Buchanan, Mich 
Federal Drop Forge Company * Lansing, Mich 
Huron Forge & Machine Company * Detroit, Mich 
Michigan Forging Company * Dearborn, Mich 
Rockwell-Standard Corp., Forge Div. * Detroit, Mich 


NEW JERSEY 
Garden State Forge Company * South Plainfield, N. J 


NEW YORK 
The Brewer-Titchener Corporation * Cortland, N. Y 
The E. D. Clapp Mfg. Co., Inc. * Auburn, N. Y 
Endicott Forging & Mfg. Co., Inc. * Endicott, N. Y 
Merril! Brothers * Maspeth, N. Y 


OHIO 
The Alliance Drop Forging Company « Alliance, O 
The Ashtabula Bow Socket Company * Ashtabula, O 
The Champion Rivet Company * Cleveland, O 
Columbus Bolt & Forging Co. * Columbus, O 
Eaton Manufacturing Co., Marion Div. * Marion, O 
The Harris-Thomas Drop Forge Co. * Dayton, O 
Poor & Co., Canton Forge & Axie Works * Canton, O 
H. K. Porter Co., Forge & Fittings Div. * Cleveland, O 
The Steel Improvement & Forge Co. « Cleveland, O 
Transue & Williams Steel Forging Corp. « Alliance, O 


PENNSYLVANIA 
Duff-Norton Company °¢ Pittsburgh, Pa 
Keystone Forging Co. * Northumberland, Pa 
The Lakeview Forge Company * Erie, Pa 
Pennsylvania Forge Company *« Philadelphia, Pa 
Phoenix Mfg. Co., Div. Union Tank Co. * Catasauqua, Pa 
Pittsburgh Forgings Company * Coraopolis, Pa 
Wilcox Forging Corporation * Mechanicsburg, Pa 


RHODE ISLAND 
Rhode Island Tool Company * Providence, R. | 


TEXAS 
W. ‘Pat’ Crow, Inc. ¢ Fort Worth, Tex 
LeBus Mfg. Co., Amer. Hoist & Drk. Co. * Longview, Tex 
Trinity Forge, Inc. * Hurst, Tex 


WISCONSIN 
Interstate Drop Forge Co. * Milwaukee, Wis 
Ladish Co. * Cudahy, Wis 
Milwaukee Forge & Machine Company * Milwaukee, Wis 
Unit Drop Forge, Div. Eaton Mfg. Co. * Milwaukee, Wis 
Walker Forge, Inc. * Racine, Wis 


CANADA 


Canadian Warren Pink Limited * St. Catharines, Ontario 
Dominion Forge Co., Div. Canman Ind 
Windsor, Ontario 








DEVELOPMENTS TO WATCH 





New instruments to measure time and frequency; a strain gage for use at temper- 
atures to 1500 F; and a generalized electrical machine that’s a sort of granddaddy 
of today’s generators, transformers and synchros and the forerunner of those to 
come, highlight the R& D news. There are new miniature motors, too, and some 
exciting developments in the high-temperature field. 


The generalized electrical machine was developed in England to simplify teaching 
of basic electrical theory but it is expected to find many R & D applications as well. 

As its developers point out, most electrical machines have a stationary member 
and a rotating member separated by an air gap; and the members carry windings 
coupled by the magnetic flux. Such a machine, with windings on both axes on 
both stationary and rotating members, may be called a primitive machine. In 
actual machines some of these windings may be non-existent; or there may be 
several additional windings on one or both axes. 

By varying the connections of the windings of this primitive machine, then, 
and providing for excitation by ac or dc, it is possible to simulate almost every 
type of machine that is now in use. 

The generalized machine, as developed by the Motor and Control Div of AEI Ltd 
and researchers at Queen Mary College (U of London), consists of stator, commuta- 
tor link board, rotor, hand-operated brush gear, and motor-operated brush gear. 

The machine is coupled to a de shunt machine which drives and loads it, and 
the complete machine set also includes a torquemeter oscillator, rotor tachometer- 
generator, torquemeter coupling, brush gear drive motor, and brush gear 
tachometer generator. A number of connecting devices and other novel design 
features are provided to permit demonstration of various types of machines. 


New miniature motors, one unusually simple in design, have been developed by 
Hamilton Watch Co. 
The simplified motor is an electric impulse unit that’s aimed at applications 


where rotational speed is not critical. Input coil Disk Outer 
LA 





This makes it possible to eliminate such 
speed-control devices as vibrators; and to 
produce an unusually low-cost motor, 
and, because it may be stalled without ° 
drawing excessive power or damaging its ° 
windings, it can be operated by battery 
power, and should serve well in such ap- 
plications as winding watch springs. 9 

It consists of a nonmagnetic disk, nwa 
carrying two rings of small, cylindrical \ 
permanent magnets (see diagram). Above Nvanar magnets 
and below the disk are C-shaped cores, one of whose poles terminate in the path 
of movement of the outer circle, and one in the path of the inner circle of magnets. 
The first core is connected to the input of an amplifier; the second to its output. 
As the outer ring of magnets passes between the poles of its core, impulses 
are sent to the amplifier, producing surges of power which repulse the adjacent 
magnet on the inner circle, thus driving the disk. This one is not yet commercial; 
but another new motor soon will be. 

The other new motor, just %-in. dia and 14-in. long, is designed for a con- 
tinuous duty cycie at 1.5 v, 40 mw input, 2.2 mw output at 3300 rpm, with a 
guaranteed life in excess of 1000 hr. 





















































For time-and-frequency measurement, a four-way unit that combines a digital 
voltmeter with a clock pulse source, a time interval meter, and a frequency meter, 
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DEVELOPMENTS TO WATCH continued 


will soon be available. Designed by Southern Instruments Ltd, Camberley, 
Surrey, England, it will be packaged in a portable case and will feature large, 
easy-to-read digital displays and a simple function-and-range-selector system. 

The voltmeter-counter will measure from 1 mv to 500 v; and cover the frequency 
range from 0.1 cps to 120 keps, with a count period of 0.1, 1.0, or 10 sec. Time 
intervals can range from.1 millisec to 27.7 hr, and the crystal-controlled clock will 
deliver pulses of 0.1, 1, and 10 millisec; 0.1, 1 and 10 sec. The instrument should 
be available commercially by the end of the year. 





If you want to generate sine waves or simulate machine functions, without fancy 
electronic wave-shaping circuits and specially shaped and wound potentiometers, 
Advance Components Ltd, Hainault, Essex, England has the answer—a new 
optical-mechanical function generator. 

Instead of a conventional oscillator circuit, the new unit has an unusual 
system in which transparent rotating disks carry the polar coordinates of the wave 
shapes to be reproduced. The disks are driven by a servomotor and scanned by 
a narrow light beam. 

By varying the output frequency (from 0.005 to 50 cps or more) and changing 
the direction of rotation of the disks, almost any wave shape can be generated, 
providing that its functions are single-valued and repetitive. A built-in oscil- 
loscope with a 1-in. dia tube makes it possible to monitor the wave forms and 
output voltage level. The unit is about 20 by 13 by 15 in.; weight, 80 Ib. 


Measuring strain at high temperatures calls for materials that can stand the 
gaff; and Westinghouse engineers think they have the answer in a hard, heat- 
resistant alloy iron that will maintain a knife edge at temperatures from 1000 to 
1500 F. They're using it for the mirrors and knife edges of a new elevated 


temperature extensometer. It’s an optical 
strain gage that is placed on the test piece 
so the two knife edges contact the piece 
as shown in the upper diagram. Then, INS 
as the test piece is heated and elongates, Ei Mn 
the distance between the knife edges EN 
increases and the hinged mirror pivots 
about its upper edge changing the angle 
of the reflecting surface. This redirects 
the light from the auto-collimeter lens 
(lower sketch), and the change, as shown 
on the scale, indicates the. amount of 
elongation. In compression, the mirror 
tilts in the opposite direction, giving a 
similar reading. , 
The alloy. used for both fixed and Scale tens aie 
hinged mirrors is an iron containing 16% 
aluminum—1% zirconium, 0.025% boron; and it is sutfaced by a platinum re- 
flective coating, also selected for its ability to maintain its properties at high 
temperature. 





—_ es 
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When it comes to materials for high-temperature use, there are new ceramics, 
metals, papers, and flame-retardants ready to go to work. 


Fire-retardant resins are coming from several new sources: 
Mol-Rez Div, American Petrochemical Corp, is introducing a new 2-component 
urethane system (polyether-based) which, it says, produces a snow-white, fire- 
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retardant foam at a cost of less than 80¢/Ib. The components can be mixed at 
room temperature, and used for air conditioner, water heating, and sandwich 
panel insulation. 

At the same time, AviSun is readying a fire-retardant grade of its new modified 
polypropylene resin (PE—Sep 4, p 12), claimed to offer unusual rigidity and 
resistance to heat distortion, and low electrical loss. It’s also surprisingly inexpen- 
sive—the developmental price for the modified material is less than 40¢/Ib. 

There’s a medium-impact fiberglass-reinforced polyester featuring flame retard- 
ance, too, for circuit breaker housings, and similar parts. 

Technical information on the Oleform modified polypropylenes (regular and 
flame-retardant types) may be obtained from J. C. Warren, Polymer Sales, AviSun 
Corp, 1345 Chestnut St, Philadelphia 7; on the Mol-Rez materials from R. -C. 
Kudner, Director of Research & Development, 3134 California St, NE, Minne- 
apolis 18; and on the polyester from Glastic Corp, Cleveland 21. 


A noble sandwich is being readied by Englehard Industries for crucibles, thermo- 
couple sheaths, and other applications involving extreme heat and corrosion. 

It’s a sandwich which combines two layers of wrought platinum with a central 
powdered metal core. The layers may all be the same composition, or may be of 
different alloys. Silver, copper, or nickel may be used, too. 

The advantage: the powder core prevents transfer of constituents from the 
melt (molten glass, for instance) through the platinum and prolongs life of the 
platinum equipment. (When standard material is used, this transfer, which occurs 
along grain boundaries, may constitute a serious problem.) 

Englehard calls the material “Trilay,” plans first commercial production in a 
3-layer, all-platinum composition with a thickness ratio of 2:1:2. 


A new family of alloys that looks unusually good for high-temperature applications 
is the columbium-vanadium group. Dr David Schlain of Bureau of Mines College 
Park Research Center says at least one member of the columbium-vanadium 
system shows “exceptional resistance to corrosion in acid environments at high 
temperatures.” 

Westinghouse, too, has been working on this alloy system. Its research lab 
has quaternary (Cb-V-Mo-Zr and Cb-W-V-Zr) as well as binary alloys in pilot 
production; believes they'll be suitable for use at operating temperatures to 3000 F. 
A 96% Cb—4% V alloy is now ready for evaluation, and others will soon be. 


An inert, high-melting compound that may prove suitable as a container for liquid 
aluminum, gallium, and other reactive metals is getting new attention from Bureau 
of Mines’ Thermodynamics Lab (Berkeley). The compound: aluminum nitride. 
A. D. Mah of the Bureau says the material resists decomposition at least to 4000 F. 
Bureau researchers have been gathering data on heat capacity over the temper- 
ature range —367 F to 77 F, entropy, and other thermodynamic characteristics, 
and have prepared an 8-page report (RI 5716) tabulating the results. Copies 
may be obtained free of charge from the Bureau Publications Distribution 
Section, 4800 Forbes Ave, Pittsburgh 13, Penna. 


Stronger and more heat-resistant tapes and papers, for thermal and electrical 
insulation, are coming. | 

Just recently, C H Dexter & Sons announced commercial production of a 
new quartz fiber material for heatshield laminates and similar applications. It 
stands arc heat—3000 F—at least on an intermittent basis, and is relatively 
inexpensive (15¢ to 40¢/sq ft). 


There’s a new heat-resistant electrical insulating tape on its way, too, based on 
a new organic-inorganic (phosphonitrilic) polymer. The tape is made by impreg- 
nating a polyester resin mat with the new resin, and is designed to serve as armor 
insulation (to protect silicone wrappings, for instance) on electric motors and in 
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DEVELOPMENTS TO WATCH continued 





similar applications; and will stand temperatures of 300 F or-more on a con- 
tinuous basis. New Jersey Wood Finishing Co will produce “it commercially. 


Ceramic and metal-ceramic bearings are making progress, too, with several 
compositions showing promise for the 1000- to 1500-F range. 

A cooperative study under sponsorship of Wright Air Development Div, has 
given a big boost to nickel titanium carbide as a bearing material. An ASME 
report on the study says nickel titanium carbide, will stand a 50 lb thrust load 
at 8000 rpm for at least 8 hr at 1500 F without significant wear or damage. Dry 
lubrication will improve performance. But even without it, the titanium carbide 
cermet proved superior in sliding friction and wear tests. 


A new approach to bearing design for high-temperature operation—exotic, but 
nonetheless interesting—was suggested by W. T. Snyder of the State University of 
New York at a recent ASME-ASLE meeting. The idea: improve load-carrying 
ability by operating the bearing in a conductive (liquid metal) medium, with an 
applied magnetc field to control “lubricant” distribution. 

The system has other advantages as well: The high thermal conductivity of 
liquid metals means that heat generated by viscous action at high speed is readily 
conducted away from the source of generation, thus resulting in a tendency toward 
uniformity of temperature and viscosity within the lubricant film. 


Structural engineers are exploring new materials—and studying optimum design of 
paneling and vibration-damping systems. 


Where high strength-weight ratios are required—as they are in many types of 
mobile equipment—Lockheed engineers are now recommending the CALAC 
type of corrugation. This, as shown in the diagram, is a standard corrugation with 
an extra dimple in the top. Tests of thin-gage sandwich structures made this 
way get a high produceability rating (they are quite readily assembled by spot 





Standard corrugation Corrugated core Welded honeycomb core 











welding), and offer a good many other advantages, not the least of which is low 
cost. M. B. Childers and V. B. Koriagin of Lockheed told a recent SAE meeting, 
the CALAC structures are considerably less expensive to produce than honeycomb 
sandwiches, though they cost more than standard corrugations; and CALAC 
panels have a weight-strength ratio lower than any of the other types sketched here. 


New vibration damping materials for sheet metal are being created at Farbwerke 
Hoechst (West Germany) by taking advantage of the special properties of 
amorphous high polymers. 

Hermann Oberst of FH told the Acoustical Society that these materials can be 
adjusted to provide optimum damping at given frequencies in temperature bands 
of prescribed position and width. The polymers can be mixed or copolymerized, 
and fillers can be added to obtain almost any desired spectrum of internal energy 
losses at any specified temperature. —ARG 
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Table speeds calculation of 


Strength of threads 


When different classes of screw threads are mated 
calculations become complex. Table gives minimum shear 
areas avoiding much tedium and chance of error. 


RAYMOND C BOUCHER, American Machine & Foundry Co, Stamford, Conn 


HE MOST laborious part of find- 

ing the axial shear or tensile 
strength of screw thread is calculating 
the effective area. Formulas are avail- 
able for finding the precise shear area 
(see Handbook H28 Part I, National 
Bureau of Standards, 1957), but with 
the tabular data given here the effec- 
tive area can now be determined pre- 
cisely with minimum computations. 


This table covers the usual case, where 
both internal and external threads are 
of the same class. 

Also provided are formulas useful 
when it is necessary, or even desirable, 
to use one class of thread for the in- 
ternal member and a different class 
for the external member. The for- 
mulas derived here will give precise 
shear area when the various factors in 


the formulas are adjusted for the mini- 
mum material condition of internal 
and mating external thread. 

Here is what to expect after mixing 
different classes of threads: 
@ When one thread is mated with 
another, of a numerically higher class, 
its shear area will be greater than 
shown in the applicable table. For 
example, a class 2A mated with a class 





— Ble + 40 








1..Shear areas of an external thread 
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= min area in 


; = shear stre 


SYMBOLS 


shear—external 


thread. (sq in./in. of length) 


min area in shear—internal 
thread. (sq in./in. of length) 


min tensile stress area—external 
thread. (sq in.) 


basic major diameter—external 


thread. (in.) 


min tensile stress diameter—ex- 
ternal] thread. (in.) 


min major diameter—external 
thread. (in.) 


max minor diameter—internal 
thread. (in.) 


maximum possible height of 
thread. (in.) 


length of thread engagement 
measured axially at pitch dia- 
meter. (in.) 


threads per inch (1/p) 


pitch of thread (in.) 


= min strength in shear—external 


thread in assembly. (Ib) 


min strength in shear—internal 
thread in assembly. (Ib) 


tensile strength of externally 
threaded piece. (Ib) 


allowance on all diameters of the 
external thread. 


the external thread. 


shear strength of the material of 
(psi) 


of the material of 
the inte: thread. (psi) 


tensile strength of material. 
(psi) 


min cross-sectional thickness of 
> = thread in line with 
«. (in. 


min cross-sectional thickness of 
a —" thread in line with 
e (in. 


itch diameter 
read. (in.) 


tolerance on the 
of the external 


tolerance on the pitch diameter 
of the internal thread. (in.) 


tolerance on the major diameter 
of the external thread. (in.) 


= tolerance on the minor diameter 
of the internal thread. (in.) 





3B has a shear area A, greater than 
shown; a 2B with a 3A also has a 
greater shear area A,. 

e When one thread is mated with 
another, of a numerically lower class, 
its shear area wil be less than shown 
in the applicable table; eg a class 3B 
mated with a class 2A has a shear area 
A, less than tabled; a 3A with a 2B 
also has a smaller shear area A,. 


So, for maximum strength it is im- 
portant to distinguish carefully the 
applicable shear areas of mated parts 
with different classifications. 

Min shear area—external thread 

For longitudinal shear, commonly 
known as “stripping,” the minimum 


area is determined from the minimum 
cross-section of the external thread 


2. .Shear areas of an internal thread 


Max major diometer > 
externa/ thread | 





/nterna/ thread 
—araredpingy ema 


Max pitch diometer™ 
nterna/ rhread 


Basic pitch diameter 

















3..Tensile area of an external thread 
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that is in line with the maximum A, = rdjt.n The area A, in Eq (1) for the vari- 
minor diameter of the mating internal 3H Tai +Q+ Tae |, ous series of external threads is given 
thread. This area (Fig 1) is of im- “ k yp 2 2 tan 30 in the table. The tolerances T.., for 
portance when the material from — thread sizes above % were taken from 
which the external thread is fabricated wiensGh won Handbook H28; mentioned above; for 
is weaker than that of the mating in- 2 2n thread sizes % and below they were 
ternal thread. The formula for this 3 Ta +O + Tee determined by subtracting the mini- 
area is derived from the basic formula ‘; ae -[ V3 | mum minor diameter of the internal 
and working from the geometrical re- 4) _ 4.19. 3569 thread, as given in H28, from the 
lationships shown in Fig 1: — 1.8138n (Ta +Q+ Tae)} (1 maximum tap drill diameter. All other 


Shear and tensile areas of screw threads 


A, FOR CLASS: A, FOR CLASS: A, FOR CLASS: 
THREAD SIZE n SERIES’ 1A 2A 3A 2A 3A 2B 3B 


#0 (0.060) 80 #£«WNF 0.0819 0.0890 0.0017 0.1057 =—-0.1158 


(0.073) 64 NC 0.0878 0.0956 0.0024 0.0025 0.1328 0.1444 
72 «NF 0.0939 0.1055 0.0026 0.0027 0.1300 0.1420 


(0.086) 36 0= NC 0.1111 0.1192 0.0034 0.0035 0.1615 0.1736 
64 =sNF 0.1237 =: 0.1329 0.0037 0.0038 0.1571 0.1706 




















(0.099) 48 NC 0.1399 0.1490 0.0046 0.1909 0.2046 
56s 0.1365 0.1476 0.0050 0.1862 0.2011 





(0.112) 40 NC 0.1524 0.1616 . 0.0057 0.2215 0.2377 
48 NF 0.1485 0.1593 . 0.0063 0.2164 0.2319 


(0.125) 40 NC 0.1704 0.1818 0.0076 0.2479 0.2635 
44 =F «(0.1684 (0.1795 0.0078 0.0080 0.2455 








(0.138) 32 NC 0.2002 0.2097 0.0085 0.0087 0.2807 
40 NF 0.2026 0.2144 0.0095 0.0098 0.2740 


(0.164) 32. NC 0.2242 0.0132 0.0136 0.3343 
36 = sNF 0.2494 0.0143 0.3316 


+10 (0.190) 24 =NC 0.2761 0.0166 . 0.4008 
32. sNF 0.2809 .c.-- 0.0190 . 0.3886 


24 =NC 0.3130 0.0229 . 0.4572 
#12 (0.216) 28 3s NF 0.3136 0.0246 . 0.4493 
0.3247 0.0259 . 0.4415 


0.3805 0.0298 0.0303 ; “ 0.5396 
0.3978 0.0349 ; . 0.5213 
0.3827 ' 0.5100 


0.4922 0.0496 0.0503 0. 0.6816 
04977 0.0553 00560 0. 0.6627 
0.0607 0. 0.6412 


0.0737 0.0747 0. 0.8280 
0.0843 0.0853 «OO. 0.1973 
0.7681 


0.1015 0.1028 t ' 0.9780 
; 0.1142 0.1154 \ : 0.9470 
28 ~—=sCUNEF ‘ —. ll . 0.9154 
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dimensions in Eq (1) were taken from mum major diameter of the mating A, = x 4d,tn 
Handbook H28. external thread (Fig 2). This area is 
of importance when the internal pe E _ Toe t+Q + T pian 30 
thread is fabricated from a weaker : Ss 2 
This area is determined from the material than that of the external 
minimum cross-section of the internal thread, and the formula for it is de- V3 
thread that is in line with the mini- rived as follows: H = on 


Min shear area—internal thread 


Shear and tensile areas of screw threads... continued 





A. FOR CLASS: A, FOR CLASS: A, FOR CLASS: 
THREAD SIZE n SERIES _—: 2A 3A 28 3B 








= 3 ; . 0.1332 0.1352 1.1151 = 1.1666 

V/. 13. —«-UNC 0.7821 , 0.1376 0.1395 1.1231 1.1634 
a 20 ~=OUNF : 0.8018 . , 0.1560 0.1577 i 1.0817 
28 ~—sUNEF 0.7780 . 0.1665 0.1680 1.0435 


12. UNC . 0.8901 : . 0.1769 0.1790 ; 1.2737 
18 ~=UNF B. 0.8956 J . 0.1980 0.2003 d 1.2299 
24 ~=—sONEF 0.8953 0.2098 0.2116 1.1975 


11 ~—s UNC . . 0.2201 0.2225 1.4255 
12, ON 0.9659 0.2264 0.2288 1.4146 
18 ~=—UNF i 1.0014 . 0.2505 0.2529 1.3671 
24 ~=—sONEF 0.9998 0.2635 0.2655 1.3299 


12 +N ; 0.2821 0.2848 1.5590 
24 : 0.3234 0.3256 1.4647 


10 ; . 0.3266 0.3300 ‘ 1.7225 
12 0.3438 0.3470 
16 : . 0.3660 0.3689 
20 0.3800 0.3826 


12 0.4127 0.4153 
16 0.4361 0.4394 
20 0.4514 0.4542 


9 0.4518 0.4560 
12 0.4859 0.4898 
14 0.5006 0.5043 
16 0.5124 0.5159 
20 0.5289 0.5378 


12 0.5660 0.5704 
16 0.5946 0.5985 
20 0.6122 0.6157 


0.5937 0.5987 
0.6520 0.6567 
0.6831 0.6872 
0.7020 0.7057 


0.7450 0.7498 
0.7777 = 0.7821 
0.7879 0.7930 


0.7488 0.7549 
0.7763 0.7823 
0.8430 0.8483 
0.8785 0.8831 
0.8905 0.8947 
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- 2 _ | Toe tQt Tx termined from the same sources as_ or internal threads fail in shear. This 
8n v3 Eq (1). means that the threaded length should 


A; = rd,[0.875 be h that sh t th of eith 
sp + (Toe +Q+T7;)) (2) Mim tensile area—external thread nae “igen wegprn beige gd 


is greater than tensile strength of the 

The area A, in Eq (2) for the vari- In a threaded assembly it is prefer- external thread. The formula for 
ous series of internal threads is shown able to have the external thread fail minimum tensile stress area (Fig 3) is 
in the table and its factors were de- in tension before either the external derived as follows: 


Shear and tensile areas of screw threads... continued 


A, FOR CLASS: A, FOR CLASS: A, FOR CLASS: 
THREAD SIZE SERIES 1A 2A 3A 2A 3A 2B 3B 


12 UN 2.0084 2.2572 0.9483 0.9539 2.1017 2.7978 
13/5 16 1.9940 2.2624 0.9852 0.9902 2.6368 2.7461 
18 NEF 1.9752 2.2268 0.9976 1.0025 2.6021 2.7247 


7 UNC 2.1098 2.2963 0. 0.9524 0.9595 2. 29441 3.0214 
8 ON 2.1220 0.9836 0.9903 3.0024 
1'/, 12 UNF 2.1091 . 10583 1.0645 2. 2.9357 

16 UN 1.0982 1.1034 2.8918 
18 NEF 1.1113 1.1165 2.8692 


12 UN 1.1763 1.1824 3.0952 
15/\, 16 UN 1.2174 1.2229 3.0375 
18 NEF 1.2311 1.2366 


6 UNC ‘ 1.1351 =: 1.1435 
8 oN 1.2150 1.2229 
12. ~UNF 2.6423 , 1.2981 1.3052 
16 ~=UN 1.3427 ~—- 1.3485 
18 ~=sNEF ; 1.3571 —-1.3629 


12. ~+OUN 1.4284 = 1.4354 
16 ~=UN 1.4737 _—-1.4799 
18 1.4890 = 1.4951 


6 , 1.3832 1.3924 
8 1.4713 —-1.4799 
12 A ; 1.5626 1.5703 
16 1.6112 1.6178 
18 bai 1.6272 1.4422 


16 1.7549 —-1.7617 
18 . 1.7716 —‘1.7782 


8 1.7521 —-1.7615 
12 1.8532 1.8612 
16 1.9048 1.9118 
18 1.9221 1.9290 


16 2.0604 2.0678 
18 2.0785 _—-2.0857 


5 d 1.8711 1.8830 
8 2,0571 2.0678 
12 2.1668 2.1755 
16 2.2225 2.2302 


16 2.3908 2.3987 


8 2.3866 2.3984 
12 2.5053 2.5145 
16 2.5651 2.5734 


16 2.7453 2.7541 























—_— 
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Shear and tensile areas of screw threads... continued 


"A, FOR CLASS: = —S A, FOR CLASS: 
THREAD SIZE n SERIES 1A 2A OA 1A 2A 3A 


4¥2 UNC “© 3.8133 . 2.4635 2.4784 
8 oN 3.4906 3.8697 2.7409 2.7535 
12 UN 3.9260 2.8679 2.8781 
16  UNEF 3.8519 2.9319 2.9410 


16 8 620ON 4.0050 3.1246 = 3.1341 


8 N 4.1243 3.1193 = 3.1331 
12. UN 3.6802 4.1816 3.2554 3.2662 
16 UN 4.0940 3.3236 3.3329 


16 420N 4.2487 3.5286 3.5382 


4¥2 UNC 4.2257 . 3.2076 3.2245 
8 oN 4.3782 3.5226 3.5372 
12. UN 3.6674 3.6790 
16 ~=OUN ; 3.7398 3.7497 


16 60ON . 3.9563 3.9673 


12. +OUN 4.1032 4.1158 
16 UN 4.1797 4.1910 


16 ON 4.4093 4.4209 


4 UNC . . . . 3.9510 3.9711 
8 N i 4.4026 4.4193 
12. ~UN . 4.5644 4.5776 
UN y 46449 4.6568 


UN ; 5.0500 5.0639 
UN 5.1347 = 5.1472 


4.8802 4.9029 
5.3806 5.3995 
5.5601 5.5748 
5.6491 5.6621 


6.0944 6.1097 
6.1875 6.2011 


5.9072 5.9327 
6.4562 6.4774 
6.6536 6.6696 
6.7509 6.7651 


7.2374 ~—- 72.2540 
7.3388 = 7.3537 


7.0319 7.0601 7.4242 
7.6302 

7.8457 

7.9513 

































































, = 7D, The area A, in Eq (3) for the vari- strength for internal and external 
9H T x ous series of external threads is shown _ threads is given by the following basic 

D, = De - af 16 + 3 le in the table. formulas: 
aoe 0.9743 St ew ae @) 
i,=0 rsai| Ds : Strength of threads P, = ALS; (5) 
: P, = AS, (6) 


= (T,. *@) a Using the values for shear and ten- 
sile areas developed above, minimum When both the internal and ex- 
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Shear and tensile areas of screw threads... continued 





THREAD SIZE nn SERIES 


A, FOR CLASS: 
2A 3A 


A, FOR CLASS: 


2A 3A 


A, FOR CLASS: 








12 
33/g 16 


5.8922 6.7164. 
5.7530 6.5520 


8.4780 
8.5872 


8.4961 
8.6039 


7.6532 
7.4312 





4 
8 
3h 12 


16 


6.4582 6.7646 
6.1969 6.9186 
6.1152 6.9713 
5.9695 6.7990 


8.2555 
8.9033 
9.1354 
9.2488 


8.2861 
8.9282 
9.1542 
9.2661 


8.5035 
8.1023 
7.9378 
7.7074 





1 
3/g = 


6.3382 7.2261 
6.1860 7.0460 


9.8173 
9.9348 


9.8367 
9.9527 


8.2223 
7.9835 





4 
3% 2 


16 


7.2810 
7.4253 
7.4809 
7.2930 


6.9447 
6.6383 
6.5612 
6.4026 


9.5461 


9.6102 
10.3013 
10.5439 
10.6640 


9.1073 


$.6542 





12 
We 16 


7.7274 
7.5290 


6.7678 


11.2750 
11.3991 


9.1238 
8.9322 





4 
8 

12 UN 
16 UN 


7.7970 
7.9311 


10.9624 


10.9958 
11.7410 
12.0091 
12.1391 


11.0324 
11.7714 
12.0312 
12.1595 


9.9234 
9.5723 
9.4189 
9.2210 





8 N 
12. UN 
16 UN 


13.3065 
13.5938 
13.7320 


13.3394 
13.6173 
13.7537 


10.1667 
10.0093 
9.7987 





a. 
12. +OUN 
16 (UN 


14.9713 
15.2766 
15.4231 


15.0062 
15.3016 
15.4461 


10.7539 
10.5997 
10.3763 





. 
12. +OUN 
16 ~=UN 


16.7711 
17.0832 
17.2360 


11.3464 
11.1694 
10.9265 





8 N 
12. UN 
16 ~=UN 


18.6349 
18.9638 
19.1247 


11.9383, 
11.7587 
11.5027 





8 
12. UN 
16 


9.1920 
8.9402 


21.0839 


20.5960 
20.9425 
21.1116 


12.5294 
12.3480 
12.0789 





8 
12 
16 


9.7360 
9.6358 
9.3704 


23.1677 


22.6552 
23.0194 
23.1967 


13.1118 
12.9372 
12.4685 





8 
12 
16 


25.3478 


24.8126 
25.1928 
25.3782 


13.7011 
13.5140 
13.1980 





8 
12 
16 


ternal threaded parts are made of 
materials with the same mechanical 
properties, the external threads will be 
the weakest; consequently, the mini- 
mum desired strength of the assembly 
should be based on this critical sec- 
tion. If the externally threaded part 


27.0163 
27.4306 
27.6279 


is made from a stronger material 
than the mating internally threaded 
part, the internally threaded part may 
fail in shear before the externally 
threaded part fails in tension. In such 
a case, the strength of each part should 
be checked with the equations and 
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27.0680 
27.4660 
27.6595 


14.2897 
14.1028 
13.7728 


areas given here so that length of 
thread engagement will meet the de- 
sign requirements. 

To find the length that will develop 
the full tensile strength of the ex- 
ternal thread, Eq (4) and (6), and 
(5) and (6), are set equal to one 
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4..Strength ratios for small screws another so that L appears as the ratio. 

AS; 

AS. 

AS; 

5. 
For threaded parts made from 

materials with identical mechanical 

properties only Eq (7) need be used, 
but when the materials differ the 
length of engagement should be 

checked with both Eg (7) and (8). 
The nomographs, Fig 4 and 5, are 

helpful in solving the ratio S,/S, for 

some materials. They can also be 
used for threaded parts made from 
materials with different mechanical 
properties. For example, if the inter- 
nal thread is made from the weaker 
material, the A, scale on the appli- 
cable nomograph can be used to find 

A,, and thus give the ratio S,/S, in 

place of S,/S.. 

Assume that it is desired to find the 
length of engagement to develop a 
shear strength that will exceed the 
tensile strength of 1-16UN-2A thread 
by 50% for an assembly made of 
7075-T6 aluminum. Using the Fig 5 
nomograph, trace the following steps, 
|. 2 — Magnesium . which are also marked on the nomo- 
graph: 
bs i 1. From the table, A, = 1.6662. 

, Locate this on A, scale. 

— ; . From the table, A, = 0.6831. 
Locate this on A, scale. 

. Join these two points to inter- 
sect A,/A, scale. 

. Locate aluminum on the S,/S, 
scale. 

. Connect the points found in steps 
3 and 4 above to give L = 1.02 
with a 50% safety factor. With 
a shear strength that just equals 
tensile strength, the length of 
engagement is L = 0.69. 


L= for the external thread (7) 


L= for the internal thread (8) 


St/Se 
(S_/S;) 


LUERI LALIT 


, 


L with 50% safety factor 


= 


UMMERE 


PUTT] 


tg z— Aluminum 
a \— Titanium 





p— 1.5 


Example 1 


A shaft with a 1-12UNF-2A thread 
is assembled with a fixed mating piece 
having the same class thread so that 
L = 0.50 in. What is the minimum 
shear strength of the external thread 
if both pieces are made from alumi- 
num with 37,000-psi shear strength? 


SOLUTION 


From the table: 

A, = 1.6676, which gives: 
P. = (1.6676) (0.50) (37,000) 
[= 30,850 Ib 


| 





bbe toes HB A) 
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Example 2 


Design objective calls for a threaded 
engagement of 1.58 + 0.05 in. using 
a special thread of size 114-32NS- 
class 2. What is the shear strength of 
this assembly if the internally threaded 
part is made of aluminum with shear 








strength of 46,000 psi, and the ex- 
ternally threaded piece is made of 
aluminum with shear strength of 22,- 


000 psi? 
SOLUTION 

Since the externally threaded part is 
the weakest, the minimum shear area 
for it must be checked. Using pro- 
cedure described above, the following 
factors are determined: 


Tai = 0.0074; Q = 0.0012; 


Tr. = 0.0040; di = 1.4763; n = 32 


Substituting these values in Eq (1) 

gives: 

A, = 1.4763[2.3562 — 1.8138(32) (0.0074 
+ 0.0012 + 0.0040)32] = 2.3944 

which leads to: 

P, = (2.3944) (1.53) (22,000) = 80,600 lb 


For reprint of above article, just check 
639 on one of the Reader Service 
cards found in this issue. 


EDITOR’S NOTE: The author is 
indebted to Mr Peter Kiako for his 
assistance in calculation of the 
tables. For additional information 
in threaded fasteners see: 

What Torque to Tension Plated 
Bolts, Dec 5 ’60, p 73—Shows how 
for a given torque, tension will vary 
inversely with the coefficient of fric- 
tion—which is affected by whether 
plating goes on bolt, nut, or washer. 

Vibration Resistance of Thread- 
Locking Devices, Oct 10 ’60, p 58— 
Gives new test method for rating 
ESNA type locknuts and compares 
results with plain nuts. 

Test Results Guide High-Tempera- 
ture Design of Bolted Assemblies, 
Sep 30 °57, p 79—Recommends 
materials for bolts and structures up 
to 1350 F; gives test results for com- 
puting effects of heat expansion. 

How to Select Threaded Inserts, 
May 22 ’6’, p 46—Gives answers to: 
Why use an insert? What types are 
available? What factors govern their 
selection? How do you determine 
whether a particular insert meets the 
given strength requirements, and 
which is most economical? 

Don’t Overlook Near-standard 
Fasteners, Jan 19 °61, p 75—How spe- 
cial modifications, varying only slightly 
from standard, can save assembly 
time and money far outweighing cost. 

55% Thread Depth Makes Beryl- 
lium Bolts Practical, Nov 14 °60, p 75 
—Large radius root thread increases 
fatigue strength without losing 
strength. It promises improvements in 
fasteners—beginning with beryllium. 

Bolt Threads with Large-Radius 
Roots, Nov 9 ’59, p 89—standards for 
75% and 55% thread depths. 








5 ..Strength ratios for large screws 
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PRODUCT DESIGNS 





WO-CYCLE, 3-cylinder engines, 

used in imported passenger cars, 
normally mix lubricating oil directly 
with gasoline in the tank. A measure 
is provided for the right amount of 
oil to be added to a full tank. If less 
than a full tank of gas is purchased 
the amount of oil required must be 


Metered oil feed 


Oil pump responsive to speed and 
load provides optimum gas-oil mix. 


calculated and measured by the driver. 
This creates problems since the driver 
usually ends up with part of an open 
can of oil left. In addition the oil-gas 
ratio is fixed and is usually too oil rich 
for starting and light loads resulting in 
excessive smoking and spark plug foul- 
ing. Oil injection system reduces the 


oil-gas ratio for normal driving to 
40:1, as low as 200:1 depending on 
load and engine speed. Automatic 
oiler provides precise oil-gas ratio re- 
quired for two stroke, gas engines used 
in DKW and Auto-Union front wheel 
drive, autos produced by Auto Union, 
GMBH, Ingolstadt, Donau, Germany. 





LUBRICATING OIL is in a four-quart 
reservoir in the engine compartment. 
Metered oil supply is piped to the car- 
buretor and mixed with the gasoline as 
it enters an emulsion tube in the air 
stream. A single mechanical link be- 
tween the carburetor and oil injection 
pump provides the load-sensing element 
of the system. Engine speed is transmitted 
by the V-belt drive which operates the 
pump. 

Heart of the injector is the piston cam- 
plate unit which meters and pumps the 
oil. Gear teeth on the edge of the cam 
plate engage a worm on the V-belt pulley 
shaft. The piston is the shaft extension 
of the cam-plate axis. Total piston move- 
ment is only 0.070 in. so that the worm 
engagement variations are negligible. The 
cam-piston rotation speed is a function 
of engine speed. A slot in the piston ex- 
poses an inlet duct to admit a fixed 
amount of oil from the oil tank to the 
pump cylinder at each rotation. As piston 
rotation continues the inlet port is cov- 
ered, the nose of the plate cam passes 
the stroke-control pin and the piston is 
driven down by its spring. This forces 
oil through the tubing to the carburetor. 


Emu/sion 
tube 


Throttle 
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STROKE-CONTROL CAM 
position is set by linkage from 
the throttle. When the throttle 
is opened wide, as in accelera- 
tion or under heavy load, the 
cam raises the stroke-control 
pin, lifting the cam plate and 
piston to admit additional oil 
when the inlet port is exposed. 
This increases the flow of oil to 
the carburetor under heavy load 
conditions. A warning lamp on 
the dashboard lights up when 
insufficient oil pressure permits 
the plunger in the oil supply 
check switch to make electrical 
contact. 














Stroke 
contro/ cam 


Pressure pin 
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PRODUCT DESIGNS 





Pinch valve for 


Isolating stream of irritating gas 
prevents contamination of riot- 
busting gas gun. 


RISONER of war riots in the 
Korean conflict pointed up the 
need for a mob control method that 
would not inflict permanent bodily 
harm. One solution, irritant gases 
dispensed by pressure from pack- 


mounted tanks. Irritant Gas Dispenser, 
Portable, E1SR2 was developed for 
military and civilian agencies by the 
Product Engineering. Division, US 
Army Chemical Corps, Engineering 
Command, Maryland. 


Ball replaces a 


Linear-to-rotary motion transfer 
by ball bearing is used in indicator 
with 0.00002 in. repeatability. 


OW-COST shockproof dial indi- 
cator has fully jeweled move- 
ment, an adjustable spindle force of 
either 2 or 4 oz, an integral fine ad- 
justment plus a cable release type 
spindle lifting mechanism. The ex- 
pense of conventional rack and pinion 
gearing, special cams, and leaf spring 
mounts are eliminated without sacri- 
ficing accuracy. Two gear sectors and 


two pinions comprise the entire move- 
ment. The self-contained movement 
can be removed from the case for re- 
pair or replacement. The instru- 
ment is calibrated in divisions of 
0.000,05 in. and has a range of 0.004 
in. Kwik-Chek Micro Dial Indicators 
Model 1 4-005-2 and -3 are produced 
by Hamilton Watch Co, Industrial 
Division, Lancaster, Pa. 
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gas flow control 











GAS GUN has several basic prob- 
lems which were solved by a rubber 
liner tube and a pinch valve. The tube 
permits positive gas control without 
complex seals which would be difficult 
to replace in the field. The uninter- 
rupted tube also isolates the flow- 


Rubber tubing liner 








control mechanism from the gas, elim- 
inating contamination and corrosion. 
A simple nozzle fitting seals the tub- 
ing liner to the barrel and keeps gas 
from seeping into the gun. 

Pinch valve is a short cylinder with 
a hole bored through its diameter. 


Gas dispensing tube passes through 
the hole and is pinched closed when 
the torsion springs rotate the cylinder 
CCW. To open the valve, the cylinder 
is rotated CW by a trigger. Gas pres- 
sure straightens the tube and provides 
smooth flow through the valve area. 








———— 


WHEN THE SPINDLE is forced upward the anvil 
rises and the ball cam follows as the first gear sector is 
rotated CW by the hairspring. The first gear sector is 
meshed with a pinion on the second gear sector and 
rotates it CCW. The second gear sector rotates the indi- 
cator hand pinion CW to show an increased reading on 
the dial. Motion is arrested at full range when the second 
gear sector strikes a support plate post. Further travel 
of the spindle in the upward direction has no effect on 
the ball cam or movement. The greatest force that can be 
applied to the movement is limited to the hairspring pre- 
load. Spindle spring forces the anvil down through the 
4 lifting lever to keep the spindle in contact with the part 
ast |! 44 — Pivor being measured. 

Spindle ——~ \ . pth 'p' For fine adjustment the entire movement is pivoted on 
lifting lever pivot ‘A’. The mounting holes at ‘B’ and ‘C’ are larger 
than the mounting screws permitting a slight rotation of 
the movement plate. When the fine adjustment knob is 
screwed inward it forces the fine adjustment cam to the 
left rotating the plate CCW. This lowers the bal] cam 
pivot and reduces the indicated reading. The restraining 
springs hold the adjustment can against its screw. 


— Second geor sector 
7 Adjust cam 








First geor 
section 








Indicator 
hand pinion 








Hairspring 
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Graphical analysis 


For cost control 


Shape of these curves shows where 
production control has gone wrong— 
and what to do about it. 


HECTOR E FRENCH, chief, engineering publications, Sanborn Co 


HEN a product is made in large 
quantities, common sense says 
that manufacturing cost should be 
identical for each identical unit. Com- 
mon experience proves otherwise. Even 
when manufacturing conditions appear 
to remain steady, cost per item usually 
fluctuates from day to day and month 
to month. This difference between 
theory and practice is worth a closer 
look. It may reveal hidden costs, un- 
necessary delays, poor production con- 
trol. That is the purpose of the diag- 
nostic curves shown on these pages. 
Cost data are plotted by carrying 
the traditional cost analysis a step 
further than usual. The customary 
monthly average-cost-per-unit figures 
are @ partial measure of cost control 
but they don’t go far enough. Because 
they are simply an average, computed 
by dividing total manufacturing cost 
by the number of units produced, they 
indicate only the relative operating effi- 
ciency compared to previous months. 
But they cannot suggest how to do 
better in the future; they cannot hint 
at the amount of cost control that may 
or may not exist; nor can they point 
to possible cures for your cost-control 
diseases. 

The curves will do all of these. The 
first step is to break down the monthly 
cost figure into actual cost-per-unit 
values, rather than an average. The 
units can be any convenient produc- 
tion item—a complete product, a stage 
of amplification, a 1-sq-ft area of a 
finished drawing. There should be at 
least 40 to 50 of these basic units in 
each month’s production. Be sure to 
use comparative cost figures for all 
units—don’t include overhead in some 
and not in others, for example. 

Now plot a curve showing the num- 
ber of units produced in each of sev- 


54 


eral predetermined cost categories. 
Choose cost intervals that give a rea- 
sonably broad curve covering from 5 
to 10 categories. If cost intervals are 
too wide, the curve will be artificially 
peaked; if too narrow, it will be artifi- 
cially flattened. Either way, you run 
the risk of a false interpretation. To 
facilitate comparison between months, 
it is often helpful to plot the y axis in 
terms of percentage of total produc- 
tion, rather than in actual units pro- 
duced. 

From the spread, position, and shape 
of this curve, and from the presence 
of points that fall well outside it, you 
can draw conclusions about the effec- 
tiveness of your cost control. These 
features, and the interpretation of each, 
are shown in the table at right. Re- 
member, though, that these interpreta- 
tions and recommendations are not a 
replacement for good judgment. The 
curve diagnosis is not conclusive, it 
only indicates where to look. Finding 
true reasons for poor cost control and 
doing something about them is still an 
administrative responsibility. 


EDITOR’s NOTE: For more informa- 
tion about administering engineering 
costs, see: 

Cost of Research and Development 
Projects, Mid-Oct °55, p A9—Gantt 
chart techniques and graphs that help 
to estimate costs. 

Cutting Costs on Prototypes and 
Small Lots, Mar °56, p 169—How to 
reduce cost without restricting design 
or infringing on standards. 


A Simple Approach to Cost Estimat- 
ing, July °53, p 178—An easy way to 
predetermine manufacturing cost while 
the product is still in the design stages. 

—Charles J Lynch 





Ded bal 
—s| 450% | 


spread 


| 


Bits 





—» +50% spread «- 











“oe 





Curve here 





Curve heré-—~_ — 


| 
| 
i 


= 


5 
| 











Cost control is good. This is ideal curve shape. Spread 
will usually be about +30% of medium value or better. 


Cost control is poorer than curve above, other things 
being equal. Percentages are only estimates; the line 
between “good” and “bad” control depends on the 
situation. Broad curve may also be caused by wide varia- 
tion in nature of work, or poor selection of basic units. 


Most units are being made at reasonable cost but some 
still cost more than is apparently necessary. 


Many units are being made at high cost, despite low 
cost on some units. 


There are two categories of work, or two groups of 
workers, or two kinds of working conditions, or cost 
figures from two sources. 


Costs are low. This, of course, is best location for curve 
of any shape. 


Costs are high. This is worst location for any curve. 


Cost of certain units are out of control. The points out- 
side the curve can be either below or above the curve. 
If numerous, they may indicate poor control of costs, 
or another category of work. 
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TO IMPROVE COST CONTROL 


Look for good cost-control practices. Record as many 
details as possible for reference in case control starts to 
slip in future months. 


Look for differences between high-cost and low-cost 
work. Better control may be possible by dividing the 
work into two or more separately controlled categories. 


Find reasons for high-cost work. See if methods for low- 
cost units can be applied to high-cost units. Trouble may 
also be caused by incorrect costing. 


Determine cause of low-cost units to discover whether 
the methods can be applied to high-cost units. Trouble 
may also be caused by added fixed charges on high-cost 
units. 


Discover ways to bring high-cost curve down to match 
the low-cost curve. To get realistic results, it may be 
necessary to treat the work as two separate categories. 


List reasons for low cost. Make note of all details for 
reference in case costs start to rise in future months. 


Look for fixed charges that affect all work: too much 
set-up time, incorrect costing, excessive overhead, too 
much red tape. 


Determine reason for spurious points. If points are 
above curve, look for ways to prevent recurrence. If 
points are below curve, they may represent low-cost 
procedures worth studying. 





Driving 


3 Basic Push-pull 


_- Oriving orm 


FIXED PIVOTS on arm lengths are lo- 
cated to centrol ratio of input and output 
movements of this push-pull-actuated link- 
age. Mechanism can be either flat bars or 
round rods of adequate thickness to pre- 
vent bowing under compression. 


Path of 
ariven arm 
J 


orm path 


Driven arm~ V4. j 


VERTICAL OUTPUT MOVEMENT from 
horizontal input is gained with this push- 
pull linkage. Although the triangular- 
shaped plate could be substituted by an 
L-shaped arm, the plate gives greater free- 
dom of driving- and driven-arm location. 


These arrangements are invariably 


the root of all linkage devices 


FRANK WILLIAM WOOD JR 
President, Advanced Design Inc, Vienna, Va 


—Driving arm 


_-Oriven arm 


s Linkage arm 


_- Offset 
arrangement 


PUSH-PULL LINKAGE for same direc- 


tion of motion can be obtained by adding 
linkage arm to previous design. In both 
cases, if arms are bars it might be best to 
make them forked rather than merely 


flatted at their linkage ends. 


Pin attached to 
ariven arm 


‘Rotary 
ariving orm 


—Driven orm 


FOR LIMITED STRAIGHT-LINE 2-direc- 
tion motion use this rotary-actuated link- 
age. Friction between the pin and sides of 
slot limit this design to small loads. A bear- 
ing on the pin will reduce friction and 
slot wear to negligible proportions. 





Linkages 


ROTARY-ACTUATED LINKAGE gives 
opposite direction of motion and can be 
obtained by using 3-bar linkage with pivot 
point of middle link located at midpoint 
of arm length. Disk should be adequately 
strengthened for heavy loads. 
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For driving in 
_ / same direction 
wf 


J Driven 
Bearing (opposite 
sleeve direction) 


SAME-DIRECTION MOTION is given by 
this rotary-actuated linkage when end 
arms are located on the same sides; for 
opposiie-direction motion, locate the arms 
on opposite sides. Use when a crossover 
is required between input and output. 


Rotary 
ariving 
orm 
/ 
Lorge radius to 


provide rolling action 
against driven arm |, 


i Retaining ond 
guide bracket 


THIS ROTARY-ACTUATED linkage for 
straight-line 2-direction motion has rotary 
driving arm with a modified dovetail open- 
ing that fits freely around a flat sheet or 
bar arm. Driven arm reciprocates in slot 
as rotary driving arm is turned. 


EQUALIZING LINKAGE here has an 
equalizing arm that balances the input 
force to two output arms, This arrange- 
ment is most suitable for air or hydraulic 
systems where equal force is to be exerted 
on the pistons of separate cylinders. 





More data on.... 


Hermetic magnet couplings 


The inventor of this coupling, D A Guerdan, recently 
updated his previous equations (PE—Apr 28 ’58) with 
corrected constants based on new tests. 


FRANK YEAPLE, associate editor 


OU can transmit rotating power 
Motor-driven magnetic coupling through a thin metal wall with 
simple magnetism. This eliminates 
leaking shaft seals, but there will be 
From electrical losses induced in the metal 
motor = separator or can. 
Electrical losses at speeds under 
Input 1000 rpm are fairly low. Above 1000 
las rpm, the losses are so high that effi- 
ciency must be of negligible impor- 


- -- * 
<r | Magnets ’ - tance in proposed applications. Here 
is a review of the operating principles; 
roe Z and the accompanying performance 
chart updates the old predicted per- 


Magnetic rotor Fe 8 formance calculations with more ac- 
curate figures based on tests. 
























































Hermetic : 7 we 
_ - Operating principles 


The inner (driven) rotor is hermeti- 
cally sealed from the outer (driving) 
field assembly by a semistainless-steel 
metal can in the airgap (ordinary mag- 
Sealed netic steel is too permeable—the flux 
chamber leaks between poles). The outer field 
assembly has Alnico-V permanent- 
magnet segments between steel pole- 
pieces, and is geared to an ordinary 
motor (not shown). 

Starting is by induction. The inner 
Permanent-magnet segments in the field assembly create a rotating rotor has salient poles which act much 
magnetic field. The field penetrates a semistainless can to drive as rotor bars do in a squirrelcage in- 
the rotor. The sealed chamber has no internal electrical connec- duction motor, with strong eddy cur- 
tions—the motor is external. Pressure-tight sealing of the enclosure rents producing temporary-magnetic 
is simplified because the only joint is at the mounting flange. poles that try to follow the rotating 


outer field. 
Running is at synchronous speed. 
The rotor will stay in the relative posi- 
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Predicted Performance of Six 1800-rpm Couplings 
(4-pole permanent-magnet field; 1000 psi chamber) 





ENVELOPE SIZE, IN. 


OD outer sleeve 
Coupling active Igth 





PERFORMANCE 

Running torque, |b-ft (max pull-out) 
Max transmitted hp 

Eddy-current losses, hp 





INSIDE DIMENSIONS AND WGT 


Inner rotor OD, in. 

Can thickness, in. (hermetic wall) 
Airgaps, in. (inner and outer) 
Wet of magnet, Ib (Alnico V) 


tion giving greatest permeability for 
the field-pole magnetic lines of force. 
The rotor salient poles stay opposite 
the field poles and resist getting out of 
step. If maximum pullout torque is ex- 
ceeded, the coupling will jump from 
pole to pole, resulting in theoretical 
zero net torque. Therefore operation 
is synchronous or the method won’t 
work at all. 

The principle here is similar to that 
of a reluctance motor, except that in 
the motor the field poles are station- 
ary, and ac current in the field wind- 
ings generates the rotating magnetic 
field. Design details on the hermetic 
can, inner rotor, and outer field are 
given in the Apr 28 ’58 article, listed 
in “Editor’s Note,” and will not be 
repeated here. 

Eddy-current losses in the hermetic 
can vary with rpm*, and are extremely 
high above 1000 rpm. The relation- 
ship for power loss is: 


KRLN? By? Ds 
p 


P, = 


where 

P,, is loss in kw 

K is aconstant, 10.9 x 10-” 

Ris can thickness, in. 

L is active coupling length, in. 

Nis speed, rpm 

By is max flux density, assumed 50,000 
lines/sq in. 

D is can dia, in. 

pis resistivity, assumed 66 microhm 
cm 

In the previous article, the loss 











constant K was predicted to be 3.5 x 
10°”. Later work on actual high-speed 
couplings has established a much 
higher value: K = 10.9 x 10™. This 
increased loss will have a serious effect 
on performance: in the old example 
for an 1800-rpm 100-Ib-ft coupling, 
the loss should have been 76 hp in- 
stead of 24.3 hp. Here is the reworked 
example: 


100 Ib-ft, 1800-rpm magnetic coupling: 
P, = 
(10.9 X 10) (0.093) (13.3) (1800)*(50)?(7)* 
66 
= 56.4 kw (76 hp) 





Power output is: 


100 x 1800 


TXrpm _ 
5250 


5050 = 34.3 hp 


Friction and windage losses might be 
5%, therefore coupling efficiency is 


Ee oy 
76 +343 ~ 100 ~ 1% 


(In the old example, coupling effi- 
ciency was 53.5%.) 

Predicted running performance for 
the same 100-lb-ft coupling at lower 
operating torques but still at 1800 rpm 
is given in the table above. Same value 
of K = 10.9 x 10 is used for each 
calculation. (Note: none of these spe- 
cific couplings has actually been built: 
data are prorated from prototypes that 
have similar speed and output.) 
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EDITOR’S NOTE: Current article is 
sequel to this previous article by D A 
Guerdan, Bettis Atomic Power Lab, 
Westinghouse Electric Corp: 
Hermetic Magnetic Couplings For 
Sending Power Through A Wall, April 
28 °58, p 98—Author describes inven- 
tion of 50-rpm magnetic coupling for 
nuclear applications, and estimates 
performance of 1800-rpm version. 


Non-rotating magnetic hermetic 
coupling is described in this recent 
article: 

Linear Motion In Sealed Systems, 
Nov 21 °60, p 100—Four designs of 
canned motor-screw and jack for nu- 
clear applications are given. Two have 
rotating screws; two have linear step- 
ping motion. All can be pressurized. 


For helpful data on permanent mag- 
nets that might be adaptable to her- 
metic-coupling design see: What You 
Should Know About New Magnets, 
Dec 2 °57, p 34; Ceramic Magnets, 
Dec. 8 °56, p 143; Holding-magnet 
Design, Sept 30 °57, p 94; “Cunife 
Magnets,” Dec 2 °57, p 8; “Plastic- 
bound Magnets,” Apr 56, p 182. 


Magnetic principle of couplings is 
explained in this recent article: 
Put Eddy Current to Work, Oct 16 
‘61, p 93—The theory and application 
of the eddy-current effect, with many 
interesting applications including cou- 
plings. 
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Practical applications of 


Driverless vehicles 


Cable-guided buses, ore trucks and warehouse trac- 
tors capable of stopping and starting on signal are 
first step toward the automatic highway. 


HE era of self-guided passenger 

vehicles rolled closer with the 
demonstration of an automatic bus 
in Dallas, Texas, before the American 
Transit Association. Built by Barrett- 
Cravens and based on an electronic 
system designed by its subsidiary, 
Barrett Electronics, the bus moved 
through its paces with sufficient deft- 
ness to interest the Chicago Transit 
Authority in putting the buses into 
service by 1964. 

The vehicle was a 45-passenger 
city bus—the standard model supplied 
to the Chicago Transit Authority by 
Flexible Co of Loudonville, Ohio. The 


controls, added by Barrett, included a 


CONTROL PANEL OF THE BUS 
demonstrated in Dallas by Barrett- 
Cravens included this dial with the num- 
bers 1-10. When a passenger pushed one 
of the buttons, the bus automatically 
started, circled a loop the number of 
times marked on the button, then stopped. 
Big button is emergency stop. 
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box with a dial numbered 1 to 10. In 
the public demonstration, passengers 
simply flipped the dial to a number 
and pushed the “start” button. Then, 
a small de motor pulled the accelerator 
pedal down and the bus took off at 
12 mph, following an electric guide 
wire embedded in concrete. 

The guide wire—in this case a 900- 
ft oval—set up a magnetic field which 
was detected by a bar beneath the bus. 
At one point in the oval, the guide wire 
was looped to set up an anomaly in 
the magnetic field. This disturbance 
was detected and counted by a sensing 
device on the bus each time it passed 
over. When the bus passed the loop 


the number of times dialed by the 
passenger it automatically stopped. 

Barrett intended this demonstration 
as a very simple illustration of what 
can be done with a guide wire. The 
same system and concepts, with some- 
what more complex electronics, could 
stop the bus, open its doors, wait until 
passengers board, close the doors and 
start off again. 

The electronic system demonstrated 
at Dallas is similar to those designed 
by Barrett over the past seven years 
for warehouse tractors. The company 
has installed automatic tractors in 
some of the largest industrial ware- 
houses and in military installations 


DRIVERLESS TRACTOR here moves down the aisle of a steam turbine generator 
department. The tractor, following white line, has cargo in tow. 
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including Tinker, Olmstead, Kelly and 
Gentile Air Force Bases. 

The system is also similar in prin- 
ciple to others developed over the past 
few years with varying success by 
some auto companies, including Ford 
and General Motors. In 1958 Ford 
demonstrated a tractor with a rectan- 
gular sensing device at front to detect 
and follow a buried guide wire. Ford 
found that a buried wire is impractical 
on farms, and switched to a whisker- 
like sensor, mounted on the front of 
the tractor. The whisker slides in crop 
rows and guides the tractor accord- 
ingly. Meanwhile, the guide-wire 
tractors have been used on Ford’s 
proving grounds for endurance tests. 

GM’s venture into automation 
began with an ambitious concept for 
an electronic highway that auto- 
matically handles high-speed autos. 
(PE June 20, 60 p 17). Developed 
jointly with RCA, the system has two 
pickup coils on the front of the car 
to detect changes in the magnetic field 
created by the buried cable carrying 
low-frequency alternating current. In- 
formation collected by the pickup 
coils is fed to an analog computer, 
linked to a servo system that actuates 
the vehicle’s steering and throttle. 
The RCA-GM system also includes 
additional underground circuits that 
feed information to the analog com- 
puter on the presence of cars ahead 
and behind. 

Installation of such a highway would 
be immensely expensive and is seen 
only as a long range program. Mean- 
while, GM is seeking more modest 
applications. At present Euclid Div 
engineers are studying feasibility of 
installing an automatic roadway at a 
mine in the Mesabi range. The pro- 
posed road traverses a 1'2- to 2-mi 
stretch of rough country between ore 
loading and unloading points. Ore 
carriers will be equipped with auto- 
matic sensing devices for guiding them 
over the underground cable and with 
automatic loading and unloading 
equipment for handling ore at both 
ends. 


Automation in the warehouse 


The warehouse tractors developed 
by Barrett under the Guide-O-Matic 
trade name come in programmed and 
nonprogrammed versions. In the sim- 
plest systems, tractors shuttle back and 
forth over a single guide cable. At 
each terminus, the tractor must be re- 
started by pushing a button. 

Somewhat more complex systems 
are programmed for sequential or 
coded operations. In a sequential op- 
eration, such as the one installed at 
Gentile Air Force Base, the tractor 
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EARLY SELF-GUIDED TRACTORS developed at Ford followed a buried 
guide wire that was sensed by a front-mounted antenna (above). More recent experi- 


mental models detect crop rows and guide the vehicle by a whisker (below). 
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runs along a single guide cable having 
several stations along its route. If the 
tractor is at station one and an at- 
tendant wants to send it to station four, 
he sets the dial on the control panel 


and pushes the start button. The trac- 
tor, according to instructions, counts 


off three stations and stops. The 
Gentile system is 1800 ft long and has 
18 programmed stops. 

In a coded system, the floor cable 
includes intersections, switches, sid- 
ings, and a number of stations: the 
tractor always knows where it is in 
this network, because each station has 
an identification number in the form 
of a unique electrical signal. To send 
a tractor to a particular station, an 
operator sets station code on the trac- 
tor control panel and pushes the start 
button. The tractor sets off at 2 to 
3 mph comparing codes at stations 
along the way until it finds a match. 
A workman can program up to five 
separate destinations at a time with 
the ten dials on the panel. 

One of the most advanced of these 
systems is operating at a replacement 
parts warehouse of one of the largest 
auto manufacturing plants. The sys- 
tem contains 7000 ft of guide wire and 
serves 27 stations. This network is 
traveled by six tractors, 150 trailers. 

The coded systems have a variety of 
refinements to smooth their operation. 
For one, there are coded points in 
the floor along the route. The tractor 
reads these to determine the shortest 
route to its destination. If a station 
is occupied, the tractor proceeds along 
the cable, picking out a circular route 
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CONTROL PANEL above is for a tractor operating on a coded 
system; panel at left is for a sequential system. In the coded 
system, the operator can choose up to five ports of call with the 
five selector switches. The sequential panel has 30 toggle switches, 
each corresponding to a particular station in the plant. Both coded 
and sequential tractors can be taken off the guide cable and op- 
erated manually if a workman needs a tractor in another part 
of the factory or warehouse. When a coded tractor is put back 
on the guide wire, it will immediately start seeking the station 
it was told to visit before the interruption. 


back to the station. By checking code 
points on the floor, the tractor selects 
the shortest route. It continues to 
circle until the station is empty. 

A rather whimsical feature of the 
coded system is the “charge call.” At 
the end of a day, the battery man 
pushes a call button, which sends a 
unique signal out to the tractors. They 
immediately set off for the charging 
station, where they line up by the 
chargers and stop. The battery man 
plugs charger cables into the tractors 
and goes home. Next morning he pulls 
the plugs and the tractors proceed on 
to the station they had been seeking 
the night before or to the place where 
they had been standing. 

For safety, all tractors have wrap- 
around bumpers that stop them im- 
mediately if they strike an obstacle. 
The bumper consists of two, flat, 
flexible, stainless steel sheets (about 
22 ga), each 4-in. wide and 6-ft long. 
The sheets are insulated from one 
another. On impact with an external 
object, the outer sheet presses against 
the inner, completing a 24-v electrical 
circuit. This stops the motor and 
clamps on a brake. 

Chicago’s bus 

The bus demonstrated at Dallas, 
unlike the warehouse tractors, was not 
conceived as an integrated system. If 
Chicago does buy automatic buses 
from Barrett, they will be designed as 
part of a system oriented toward auto- 
matic control rather than a human 


driver. The system will embrace many 
of the features developed for auto- 


matic warehouse tractors, possibly in- 
cluding even a “gas call.” 

One of the key design problems 
anticipated by Barrett is reliability. 
This is double edged: the Chicago 
Transit Authority must recommend, 
and the Illinois legislature approve, 
a definition of reliability; then Barrett 
must find a way to meet these stand- 
ards. Engineers are beginning to mull 
the problem. One suggested approach 
is to install parallel control systems, 
as on many military aircraft. 

The automatic buses are being con- 
sidered for operation on a median 
strip along Chicago’s Southwest Ex- 
pressway. The median is a protected 
right-of-way. It’s generally agreed that 
the state of the art is not yet sufficiently 
advanced to permit both driverless 
and driver vehicles on the same high- 
way. At first the buses will probably 
operate as units; later, perhaps as 
trains pulling up to eight cars. 

CTA is investigating the buses be- 
cause of the potentialities they offer for 
cutting operating costs. Various instal- 
lations, particularly the military, have 
released comparative cost figures for 
automatic tractors. The economies 
are considerable. Gentile, for exam- 
ple, reports that wages under its old 
system amounted to $72,675.20 a 
year. Wages under the automatic sys- 
tem amount to $50,544 a year. Add 
to this maintenance costs for the new 
equipment ($375) and capital costs 
for the installation amortized over five 
years ($5417.20) to get total annual 
operating costs of $56,536.20. This 
is a saving of $16,399 a year. 
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For stress analysis 


Brittle-coating methods 


Second in our continuing series on stress-analysis techniques, 
here’s how to select best coatings, prepare 
and analyze crack patterns, plus a new micro technique. 


NELSON A CRITES, assistant consultant, solid & structural mechanics div, 
Battelle Memorial Institute, Columbus, Ohio 


RITTLE coatings are among the 
most useful of the various tools 

and techniques available to the stress 
analyst today. These coatings indicate 
stress (or more accurately, strain) by 
developing crack patterns in the 
strained areas. The coatings can give 
both quantitative (magnitude of 
stresses) and qualitative (direction and 


location of stresses) results. Large 
structures can be studied with relative 
ease by brittle-coating techniques, and 
they are often employed as “hunting 
dogs” for locating areas needing more 
detailed study. 

There are two general classes of 
brittle coatings (Table I). One class 
has a resin base, and is designed for 
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room-temperature use (0 to 120 F); 
a second type has a glass base, and 
was developed for moderately elevated- 
temperature use (to 600 F). Magna- 
flux Corp manufactures both classes 
under the names “Stresscoat” and 
“Stresscoat All-Temp,” respectively. 
Both are available in formulations of 
varying strain sensitivity (tendency to 
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1..Stresscoat kit suppuieo sy macnariux corp (priced ABOUT $800): 
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2..Calibration bars... 


. LOADING JIG AND STRAIN SCALE. 


crack under strain). Both types are 
most useful when applied by spraying 
techniques. A kit is available which 
includes a spray gun and a calibration 
device, Fig 1, as well as other equip- 
ment suitable for many of the usual 
stress analyses. 

Recently, at Battelle, a “micro 
technique” was developed for stress 
analyzing small parts such as thin 
diaphragms and miniaturized gears, 
and an improved spraying and glazing 
technique was developed for analyz- 
ing large castings (see Table I). De- 
tails of these techniques are published 
here for the first time. 


RESIN-BASE COATINGS 


The resin-base material, Stresscoat, 
is relatively easy to apply and can be 
cured at room temperature. It is em- 
ployed more extensively than other 
coatings. The relative ease of ap- 
plication makes it possible to examine 
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TABLE | 





CHARACTERISTICS 


Guide for selecting | 





Stresscoat 





Usable temperature range, °F 


0 to 120 





Strain sensitivity (max), microin./in. 


500 





Approximate range, % strain 


0.3 





Strain conditions 
(T = tension, C = compression) 





Required operator experience, 1 to 3 
(1 = most experience) 





For laboratory or field 





Test can be performed in oil 





Estimated time delay, from first 
operation to first measurement, hr 


8 to 18 








whole structures, so that a comprehen- 
sive picture can be obtained of the 
magnitudes and orientations of the 
principal stresses. On the other hand, 
Stresscoat is sensitive to humidity and 
temperature, and is easily scratched. 
According to patent information, 
Stresscoat is compounded primarily 
from resin plus an additive, with di- 
butylphthalate as the plasticizer to 
help control the sensitivity to crack- 
ing. To obtain a sprayable material, 
the components are dissolved in a 
common solvent, carbon disulfide. 
Stresscoat cracks in normal use, if 
properly selected, when the strain 
reaches approximately 800 microin. 
per in. This amounts to a stress of 
approximately 24,000 psi in steel. In 
uniaxial stress fields, the cracks in 
the brittle coatings appear normal to 
the maximum tensile stresses. In bi- 
axial fields, the cracks appear normal 
to the direction of the maximum tensile 


Typical applications 


Machinery, 
structures, 
pressure 
vessels 





stresses unless the biaxial stresses are 
approximately equal. In such an in- 
stance, cracks may appear in both 
directions or at right angles to each 
other. 

It is generally true that the greater 
the number of cracks per unit length, 
the higher the strain. However, meas- 
uring strain by noting the crack den- 
sity does not give an accurate indica- 
tion of strain level. A much more 
sensitive and accurate method is to 
determine the threshold strain level at 
which cracks just begin to appear. This 
level is obtained by means of calibra- 
tion bars supplied with the Stresscoat 
kit, Fig 2. The number of bars re- 
quired depends on the stability of the 
test conditions. These bars are coated 
and cured along with the specimen 
or structure. The strain in the cali- 
bration bars is found by deflecting 
the bars in a loading jig, then measur- 
ing the strain cracking sensitivity in 
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rittle coatings 


3..Creep correction 








‘3 





micro- 
Stresscoat 


GLASS BASED 
Stressceat 
All-Temp 








0 to 120 


0 to 600 

















800-1000 


200 





0.3 


0.2 



































Corrected strain, microin./in. 




















a calibrated strain (deflection) scale. 
Then, in the structure being tested 
under similar conditions of tension or 
compression loading, wherever cracks 
just begin to appear, it can be safely 
assumed that the strain has reached 
the same level of intensity that pro- 
duced similar threshold cracks in the 
calibration bars. 

In most applications, crack forma- 
tion is only moderately affected by 
variations in coating thickness and 
speed of load applications. However, 
if the load is applied quite slowly, 
either a creep correction factor must 
be employed (see chart, Fig 3) or the 
calibration bars must be loaded at 
the same rate as the specimen or 
structure. After the areas and orien- 
tations of the highest strains have been 
outlined, the stresses are derived from 
the indicated strains by multiplying the 
strains by the elastic moduli of the 
materials. 





























































































































How to select a coating 

The coating must have the proper 
crack sensitivity for successful re- 
sults. Generally, crack sensitivity 
varies with the temperature and the 
humidity conditions under which the 
test will be made. Stresscoat is avail- 
able in various sensitivities for various 
humidity conditions at temperatures 
ranging from about 0 to 110 F (see 
charts, Fig 4 and 5). 

To determine the temperature and 
humidity conditions, a sling psychrom- 
eter is provided in the kit. Under 
carefully controlled room conditions, 
the psychrometer is quite helpful; 
however, under less rigid conditions 
an extremely accurate weather predic- 
tion might be more practical and 
easier to get. 

There is some latitude in the selec- 
tion of the coatings. Although nor- 
mally the coating will crack at about 
800 microin. per in. strain (if se- 
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> 8 100 2 
Elapsed time, sec 


lected properly according to Fig 4 
or 5), a coating numbered one above 
or below the middle of the recom- 
mended range will still provide satis- 
factory results. With a coating one 
number higher or lower, the strain 
sensitivity to cracking will increase or 
decrease by about 100 microin. per in. 
However, if a coating two numbers 
higher is selected, there will be a 
strong tendency for the coating to 
craze crack in the manner charac- 
teristic of pottery glazes. A coating 
two numbers lower, though less sen- 
sitive, will still crack, although the 
cracks will probably close up upon 
release of the load. 


Preparing and coating 

After selecting the coating, next 
step is to prepare the specimen or 
structure for the coating. In general, 
the same procedures are used in prepa- 
ration for stress coating as for any 
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5..Coating selection 
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other type of spray painting—surfaces 
should be clean and smooth, and free 
of grease or oil. 

With Stresscoat, however, carbon 
disulfide is employed as a solvent. The 
vaporized solvent is not only highly 
explosive—it is poisonous. Therefore, 
coat the specimen in a spray booth 
if at all possible. A booth with a down 
draft is best because carbon disulfide 
vapor is heavy. According to one au- 
thority, (see “Dangerous Properties of 
Industrial Materials”, N I Sax, Rein- 
hold Publishing Co, New York, 1957), 
the continued breathing of more than 
20 parts per million can be a serious 
health hazard. In addition, the auto- 
ignition temperature of vaporized car- 
bon disulfide is approximately 260 F 
—therefore, the spray from the gun 
should not be permitted to strike 
heated surfaces. An electric light bulb 
is known to have caused a fire during 
a coating operation. If a spray booth 
is unavailable, spraying can be done 
outside, using the gas mask provided 
with the Stresscoat kit. 

Before coating, apply a reflecting 
undercoating of aluminum paint to 
provide a uniform background for 
observing the cracks. It is recom- 
mended that only the aluminum under- 
coating provided by the manufacturer 
be employed because it is so formu- 
lated that it will not bleed out when 
the indicating coating is applied. Dry 
the undercoating for about 15 min. 
before the brittle coating is applied. 

Although any good commercial 
spray gun can be used, the gravity- 
feed gun provided with the kit is usu- 
ally convenient for general application 
because it can be cleaned easily. How- 
ever, for small items or for locations 
difficult to spray, a small artist’s air 
brush works successfully. The shop’s 
air supply is satisfactory for spraying 
purposes provided no oil or water 
droplets are entrained. If the com- 
pressor with the kit is employed, use 
also the drying and filtering unit for 
both the undercoating and indicating 
coatings when the weather is humid 
or rainy. Otherwise, excess moisture 
will be trapped in the coatings and 
affect their quality. 

Some practice is required for good- 
quality application. If the gun is held 
too close to the object, the coating will 
run. If the gun is too far away, dry 
power will be blown into the coating, 
producing a dull, nontransparent ef- 
fect. The solvent will occasionally 
evaporate from the cans of coating; 
hence, a small amount of thinner may 
be necessary. Otherwise, the gun will 
not function properly and coating will 
be of very poor quality. 

Sometimes the dry powdered resin 





formed from the over-spray collects 
on tacky, newly painted portions of 
the structure. Removing this powder 
by brushing will usually scratch the 
coating. To improve appearance, a final 
spray of the affected portions with a 
diluted coating mixture will sometimes 
dissolve the surface dust coat. Avoid 
dissolving the base coating and produc- 
ing runs. 

A coating of 0.003 to 0.005 in. is 
usually in the best thickness range. 
Optimum thickness can be determined 
visually with a little practice. If the 
coating has a light lemon color, it 
usually is too thin; if it has a deep 
orange coating, it is too heavy. A 
medium-orange color is generally ac- 
ceptable. Although sensitivity of the 
coatings is not greatly affected by 
thickness, a uniform coating is, of 
course, to be preferred. 

A coating with many small subsur- 
face bubbles is better than a solid 
coating. Cracks tend to progress from 
bubble to bubble, thus avoiding 
formation of the long running cracks 
which otherwise develop. Long run- 
ning cracks may not provide the close 
definition of the stress areas desired. 
Because these bubbles usually develop 
only in sprayed coatings, the spraying 
technique is better than other tech- 
niques, such as brushing. 

After applying the coating, dry the 
specimen or structure at a temperature 
above the temperature at which the 
coating is to be tested. However, 
satisfactory results can be obtained 
when the coating is dried in the room 
in which the test is to be performed, 
provided the temperature is not al- 
lowed to drop to the level at which 
craze cracking of the coating will oc- 
cur. When coating a large structure 
outdoors, and a drop in temperature 
is expected, cover the structure with 
a tarpaulin and use space heaters to 
maintain the temperature at a level 
near or slightly above the selected 
testing level. Do not expose the coat- 
ing to a drop in temperature for even 
a short time. Opening an outside door 
during the winter can cause difficul- 
ties—one blast of cold air can destroy 
a day’s careful work. 

To accelerate drying of the coating, 
try temperatures up to 140 F. A sug- 
gested drying procedure is to place 
the coating part in an oven for 2 
hr at 100 F. However, prior to 
the accelerated drying period, keep 
the coating at room temperature for 
approximately %2 hr. 


Crack sensitivity 


For quantitative analysis, you must 
determine the crack sensitivity or cali- 
bration of the coating. The Stresscoat 


kit contains equipment designed to 
simplify the procedures: a set of six 
calibration bars, a loading jig, and a 
calibration scale. The coating applied 
to the test specimen is also applied to 
one or more calibration bars. The 
bars are then placed alongside the 
structure and are exposed to the same 
drying conditions. 

In tension strain tests, place one of 
the coated calibration bars in the load- 
ing jig and load according to the 
testing schedule. The coating, though 
brittle, is plastic in behavior, and tends 
to creep under load. Therefore try 
to apply the load on the bar at the 
same rate as the load on the test 
specimen. If the test is of such a 
nature that considerable time is re- 
quired to apply the load, the bar can 
be loaded in 1 sec, and a correction 
made for the creep in the coating on 
the structure, according to the creep- 
correction chart. This method is pref- 
erable for long-time loading because 
it is difficult to load the calibration 
bar over a long period. It is best to 
calibrate the coating at the beginning 
and at the end of each experiment, 
using several bars. 

When calibrating the coating for 
compression strains, position the 
coated bar upside down in the load jig 
and hold under load for 2 hr. Then, 
release the load to develop the crack 
pattern. The crack sensitivity in com- 
pression is determined in the same 
manner as in tension calibration de- 
scribed above. 


Tension testing 


When making preparations for load- 
ing with the resin-base coatings, de- 
cide which procedure is most applica- 
ble to the experiment. Often only the 
maximum tension strains are required 
—although to get a complete analysis, 
both tension and compression strains 
should be determined. Frequently it is 
also necessary to determine the strains 
under dynamic loading. 

For obtaining static tensile stresses, 
the general test procedure is: 
¢ Apply the load in step fashion and 
release after each application (“re- 
turn-to-zero” or “increment” tech- 
nique). 

e Apply the load at a steady rate. 

The increment method is quite com- 
mon and usually preferable because 
the coatings have a greater crack sen- 
sitivity if loaded quickly. After re- 
leasing the load, a waiting period equal 
to three times the loading time is 
necessary to permit the creep in the 
coating to recover. This period pro- 
vides an opportunity for careful in- 
spection of the coating. When this 
method is used, loads are applied in 
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increments usually not in excess of 
25% of the preceding total load. 

The second method is preferable if 
it is inconvenient to load in step 
fashion. However, crack sensitivity 
continually decreases during loading 
and corrections must be made for plas- 
tic creep (see chart, Fig 3). 

Regardless of the method of load- 
ing, it is helpful to trace the bounda- 
ries of the crack pattern for given 
load levels. These boundaries will aid 
in interpreting the results and in de- 
fining the strained areas if photographs 
are to be made. 


Compression testing 


The magnitude and orientation of 
the compression strains is usually 
necessary for a complete analysis of a 
structure. However, Stresscoat cracks 
only under tension strains, and it is 
necessary to change the loading pro- 
cedure to take advantage of the plas- 
tic-creep characteristic of the material 
(the creep characteristic is a disad- 
vantage in some respects, but an aid 
for measuring compression strains). 
Either of these procedures can be 
used: 


1. Load the structure under a static 
load for approximately 2 hr. During 
this time the coating will relax to an 
unstrained state. Then, to develop 
cracks, release the load by increments. 
After each increment, return to full 
load for three times the unloaded 
period. If the load is released sud- 
denly, the crack sensitivity will ap- 
proach the tension value because com- 
pression creep is prevented. Correct 
for creep for slower release of load. 


2. Load the test structure before 
coating. Then, upon release of load, 
cracks will appear where compression 
strains existed. 


Dynamic iesting 


When static testing conditions may 
not satisfactorily duplicate conditions 
of loading in service, loads can be ap- 
plied dynamically and the crack pat- 
tern observed under a stroboscope 
light to obtain quantitative data. If 
this technique is inconvenient, employ 
coatings of various crack sensitivities 
to obtain strain indications under vary- 
ing dynamic loads. This latter tech- 
nique is also recommended when only 
a single application of load is pos- 
sible. Under these circumstances, find 
areas of interest which are subjected 
to the same strain field and intensity 
during loading. An example might be 
the spokes or portions of the rim of 
a wheel. They could be coated with 
selected coatings having sensitivities 
in the ranges of the anticipated strains. 
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Because the cracks of the less sensitive 
coatings may close when the dynamic 
load is released, before loading cover 
the surface of the indicating coating 
with the penetrant intended for use 
with electrostatic powder. Then, dur- 
ing the dynamic test, the penetrant 
will flow into the cracks as they form. 
With such a dye penetrant, only one 
load application can be made because 
the dye makes the coating useless for 
further testing. However, with electro- 
static powder, the structure may be 
tested under increasing loads until 
the desired crack pattern develops. 


Crack patterns 


You must have adequate lighting 
to observe crack patterns. Any uni- 
form white light is good. The cracks 
are fractures in the transparent coat- 
ing, and the light will be reflected 
from the fractured surfaces and pro- 
duce bright lines. For maximum re- 
flection the light should be directed 
tangent to the surface of the coating. 
Excellent bright-line photographs can 
be made of crack patterns with only 
a minimum of experience. Some 
cracks tend to close up and conse- 
quently will not reflect light; there- 
fore, either photograph the coating 
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under load or employ another means 
for revealing the closed-up cracks. 

To reveal such cracks, use the dye 
etchant provided with the Stresscoat 
kit. This penetrates into the cracks, 
making them visible. Before the ex- 
cess dye dries, remove it from the sur- 
face of the coating by first sponging 
the surface of the coating with a soft 
cloth dipped in an etchant emulsifier, 
then cleaning by more sponging with 
clear water at the same temperature 
as the test structure. Don’t use cold 
water because it can completely craze 
the coating. Although the crack pat- 
tern can be preserved in this way, the 
coating has been rendered useless for 
further testing. 

To see the cracks and be able to 
continue the loading, use the gun, a 
special penetrant and electrostatic 
dust (available from Magnaflux Corp) 
Fig 6. Apply the penetrant to the sur- 
face of the coating prior to loading 
—then as the cracks develop, the 
penetrant enters the cracks. After the 
surface of the coating is dry, blow the 
electrostatic powder over the crack 
pattern. The dust becomes electro- 
statically charged when blown through 
the hard-rubber nozzle and, wherever 
cracks are located, the positively 


charged dust particles are attracted to 
the negative ions in the penetrant. The 
dust particles accumulate over the 
crack. 

Advantage of this method is that 
the crack pattern can be developed as 
the test progresses without need to 
stop the test. A special preparation is 
provided to “fix” the dust pattern if 
desired. 


For a specific problem 


We recently applied Stresscoat to 
the analysis of strain concentration in 
a pressurized pipe system in which 
branch connections were to be made. 
Details of the application are given 
here to provide a working example of 
the technique. The ratio of pipe diam- 
eter to the branches was 1:1 and 2:1, 
respectively (Fig 7). The pipe was of 
6061-T6 aluminum (with a modulus 
of 10x10° psi). Its OD was 2.50 in., 
its wall thickness, 0.065 in. Wall thick- 
nesses of the pipe and branches were 
the same. 

The test was conducted in a room 
held at 76 F +2 deg, but without 
control of the humidity. The first 
step was to select the coating. The sling 
psychrometer was used in making 
the selection. The wet bulb reading 
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was 62 F and the dry bulb reading 
76 F. According to Fig 5, coating 
1206 should provide a crack sensitivity 
of 0.008 in. per in. strain. 

The coating was applied in a thick- 
ness range of about 0.004 to 0.005 in. 
Calibration bars were also coated and 
cured along with the pipe. Pipe and 
bars were dried at room temperature. 

The pipe was pressurized with oil 
and the “return to zero” technique 
was employed because the load could 
be applied in a relatively short time. 
Results of the tests are shown in Table 
II. (Crack locations A, B, C and D, 
referred to in Table II, are shown in Fig 
7.) At beginning of the test, a cali- 
bration bar was loaded in 10 sec. The 
threshold crack sensitivity was shown 
to be approximately 0.0010 in. per in. 
strain. This coating, therefore, was 
less sensitive than predicted by the 
chart. However, the chart is set up 
for 1-sec load application and, in ad- 
dition, the humidity conditions 
changed during the test. The pipe 
was then brought to selected pressure 
levels in 10-sec intervals. Pressure in- 
crements were 50 psi, and the cracks 
were inspected between each incre- 
ment. 

The first cracks appeared at 150- 


psi pressure at points A and B in the 
1:1 branch at two locations simul- 
taneously. Similarly located cracks 
occurred in the 2:1 connection at 200- 
psi pressure; they also occurred 
simultaneously. When the pressure in 
the pipe reached 300 psi, the maximum 
circumferential strain was approxi- 
mately 2000 microin. per in. strain in 
the 1:1 branch, and 1500 microin. 
per in. in the 2:1 branch. 

To check on the crack sensitivity 
of the coating as determined from the 
calibration bar, Tatnall Metalfilm 
strain gages (type C 12-141) were ce- 
mented to the main section of the 
pipe approximately 1 dia from the 
branches. The first cracks occurred at 
a strain of 1060 microin. per in. in 
the circumferential direction. This 
agreed reasonably well with the 
nominal 1000-microin.-per-in. strain 
sensitivity predicted with the calibra- 
tion bar. 

Employing the experimental meas- 
urements as determined by the strain 
gages and the Stresscoat, the calcu- 
lated concentration of the strain in the 
1:1 connection was 5.3 while the cal- 
culated concentration in the 2:1 con- 
nection was 3.2. This indicated the 
areas of highest strain (at the 1:1 con- 
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nection) and the comparative strength 
between the two connections. This was 
a basis for strengthening the connec- 
tions. 


THE MICRO TECHNIQUE 


Ordinary brittle-coating techniques 
are inadequate for very thin or minia- 
ture parts because the usual 0.004- to 
0.005-in. thick coatings might some- 
times be several times the thickness 
of the metal being studied. Strain 
gages, although quite small today, are 
still not small enough for many parts 
such as a tiny watch gear. Photoelas- 
tic coatings, though otherwise excel- 
lent, lose their sensitivity when made 
ultrathin. However, at Battelle, it was 
believed that brittle coatings could be 
adapted if the coatings could be ap- 
plied thin enough and if the accessory 
equipment could be miniaturized to 
meet the needs. 


Miniaturization 


The first step was to miniaturize the 
equipment. Calibration bars were 
made from “blued” commercial spring 
stock % in. wide by 0.050 in. thick. 
Thus, a practically inexhaustible sup- 
ply of calibration bars was made 
available without special machining 
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and heat treating. The loading jig was 
miniaturized so that it could be placed 
under a microscope stage. The calibra- 
tion bar was incorporated into the de- 
sign of the loading jig so that the bar 
would not have to be removed to check 
the strain sensitivity. Results are 
shown in Fig 8. 

The next most important item was 
the spraying equipment. To apply 
ihe coating in the thickness range of 
0.0005 to 0.001 in., a fine spray was 
helpful. A small spray gun may be 
best if adjustments are available for 
both air and lacquer. However, the 
spray gun supplied in the Stresscoat 
kit was found to be satisfactory if the 
air pressure is carefully controlled. 


Selecting the coating 


In selecting the coating to be used 
with Battelle’s new technique, keep in 
mind that extremely thin coatings are 
not as sensitive as coatings of the 
usual recommended _ thicknesses. 
Therefore select a coating four or six 
numbers above that recommended by 
the charts in Fig 4 and 5. Thus, if 
No. 1206 is the normal choice, No. 
1210 or No. 1211 should be employed. 
Each particular application will require 
more or less sensitivity depending 
upon the test conditions. For ex- 
ample, it was found that 0.0005-in.- 
thick coatings of No. 1206 have a 
sensitivity of about 1500 microin. per 
in. strain at a temperature of 76 F. 
If the No. 1210 coating were selected 
instead of the indicated No. 1206, the 
sensitivity would be increased from 
1500 to 1000 microin. per in. strain. 

The most critical operations are the 
proper thinning of the coating and the 
spraying. Various coating concentra- 
tions were studied; the results varied 
according to the air pressure and 
nozzle adjustments. In general, a 
dilution of 5:1 was found to be satis- 
factory in applying coatings approxi- 
mately 0.0005 to 0.001 in. thick. 

The coatings applied did not have 
bubbles in them and were entirely 
transparent. One problem was in 
regulating the coating thickness be- 
cause it is difficult to see the coating. 

After the spraying operation is com- 
plete, cure the coating at 10 to 15 F 
above the room temperature. This 
will reduce or eliminate craze crack- 
ing. Calibration bars should be coated 
along with the part under study. 


Application to a problem 


We employed the technique to lo- 


cate the tension and compression 
areas in a 0.0025-in.-thick beryllium 
copper diaphragm. Ordinary experi- 
mental stress-analysis techniques were 
not suitable. A 0.0005-in.-thick coat- 
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ing of No. 1210 coating diluted 5 to 1 
with carbon disulfide was applied. It 
was dried at 20 F above room tem- 
perature for % hr and then allowed 
to come to room temperature slowly. 
Calibration bars were loaded in about 
10 sec, and the sensitivity was found 
to be about 1000 microin. per in. 
strain. 

Pressure was applied to the dia- 
phragm in small increments to a total 
of 50 psi, the maximum selected pres- 
sure. Inner circumferential cracks ap- 
peared in the diaphragm. The dia- 
ohragm was then subjected to a 
vacuum of about 5 in. of mercury 
absolute pressure. Outer circumfer- 
ential cracks then developed. The un- 
cracked area between the inner and 
outer cracks was presumed to be the 
transition area between tension and 
compression strains. 

Although this micro-Stresscoat tech- 
nique has been applied only to the 
study of membranes and diaphragms, 
it should find many other applications 
in the stress analysis of miniature parts 
such as small switches, gears, bear- 
ings, and housings. The sensitivity of 
the coatings in ultrathin coats is low, 
but it may be controlled by conducting 
the experiment under cold water. 
When such experiments are con- 
ducted, the calibration bars and the 
test specimen should both be im- 
mersed. In this way, greater sensi- 
tivity can be attained. Thus, the num- 
ber of applications can be increased. 


GLASS-BASE COATINGS 


Stresscoat All-Temp is formulated in 
six different grades which have nomi- 
nal crack sensitivities varying from 
200 to 2000 microin. per in. strain. 
The actual strain sensitivity, however, 
depends, as in the case of resin-base 
coatings, not only upon the type of 
coating and the testing temperature, 
but also on the mean coefficient of 
thermal expansion of the material to 
which the glaze is applied. (see chart 
in Fig 10). The coating can be applied 
to carbon steels, chiomium-nickel 
steels, chromium, titanium, and cast 
iron. 

The limiting factor, the tem- 
perature necessary to fuse or glaze the 
coating, is from 950 to 1050 F. The 
time required is usually just long 
enough to bring the coatings to the 
glazing temperature. Although these 
temperatures may be prohibitive in 
many cases, the time at temperature 
is short, and the amount of oxidation 
may not be serious, depending upon 
the material. The uncoated machined 
surfaces of carbon steels darken only 
slightly, and the oxide coating formed 
is very thin—therefore, surface pro- 


tection for uncoated machined sur- 
faces is usually not necessary. 

Although glass-type glazes are brit- 
tle and, therefore, useful for stress- 
analysis work, the problem has been 
to obtain frits having relatively low 
glazing temperatures and, in addition, 
controlled crack sensitivities. Unlike 
the resin-type coatings, the glaze coat- 
ings do not creep and adjust them- 
selves to materials having varying co- 
efficients of expansion. Therefore, to 
select a suitable coating for a given 
application, consider the thermal co- 
efficient of expansion of the material 
being analyzed and the strain level at 
which it is wished to have cracks 
occur. After the glaze and the metal 
have cooled after firing, the glaze will 
be in a state of compression or of ten- 
sion, depending on differences in the 
coefficients of expansion of the two 
materials. 

For example, if the metal to be 
coated has a coefficient of thermal 
expansion greater than that of the 
glaze, upon cooling the glaze will be 
under residual compression stress. This 
residual compression stress tends to 
decrease the crack sensitivity. How- 
ever, upon heating, crack sensitivity 
increases until the temperature reaches 
about 600 F. In this temperature 
region, the sensitivities of all the coat- 
ings tend to decrease as the glazes 
begin to soften under the heat and 
selection of a coating will depend upon 
the coefficient of expansion of the 
material to be tested, the desired strain 
crack sensitivity, and the temperature 
at which the test is to be conducted. 


Applying the coating 


The surface of the material should 
be clean and smooth, though not pol- 
ished. A grit-blasted surface is quite 
satisfactory, although too much sur- 
face roughness is not desirable because 
it will interfere with the detection of 
cracks. With rough castings, it is 
often necessary to grind the surface 
and to preheat the casting above the 
glazing temperature. This tends to 
minimize the evolution of gas during 
the glazing. Excessive gas evolution 
produces an unsatisfactory porous 
coating. 

The glaze should be sprayed in a 
commercial spray booth because both 
the frits and the liquid vehicle are 
toxic. Use a gas mask if a booth is 
unavailable. Again, as with a resin- 
base material, the liquid vehicle is in- 
flammable and care should be exer- 
cised to avoid explosions. 

The gravity-feed spray gun pro- 
vided with the kit can be employed 
to apply the coating. The frits are 
actually suspensions of powders in a 
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hydrocarbon vehicle and there is a 8..Miniaturized... 9..Recirculating... 
tendency for the suspended powders to 
settle out. However, if a circulating 
system is used in line with the spray 
gun, Fig 9, settling is largely avoided. 
The actual application of the coating 
requires some practice. Unlike resin- 
base coatings, Stresscoat All-Temp is 
not transparent as applied, and it is 
more difficult to determine the thick- 
ness of the unglazed coating. Coatings 
0.003 to 0.005 in. thick are usually 
satisfactory. Check for proper thick- 
ness with a pointed object at non- 
critical locations. Apply the coating 
with enough vehicle to give it a wet 
or shining appearance. If an area is 
allowed to dry and an extra coat is 
applied over it, blistering will result; 
therefore coat only small areas at a 
time. 


Glazing the coating 

Glaze the coating in an electric fur- 
nace if possible—a gas-fired muffle 
furnace will be satisfactory if an oxi- 
dizing atmosphere is maintained. 
Avoid over-firing. For large parts, 
attach thermocouples internally and 
externally, and bring the structure up 
to 850 F throughout. After the part 
has become uniformly heated, in- 
crease the temperature to the glazing 
point. This procedure minimizes the 
time that some parts of the structure . . . loading jig developed at Battelle, «~~ system developed at Battelle for 
have to be at the glazing temperature and commercial artist type spray gun. spraying All-Temp—a glass-base coating. 
more than others. If possible, watch 
the part in the furnace. Glazing is 
accomplished when the dull gray turns “a 
to a shining gray-black. Now, reduce 10.. Stresscoat all temp selection 
the temperature of the part as quickly ’ 
as possible, but avoid setting up large oe 
thermal strains during cooling. Care 
is required in large structures or where 
there is a rapid change in section after 
the part is cooled. Check also the 
coating for quality and imperfections. 
If the coating is a dull, yellowish 
brown, it is over-fired and should be 
removed by sandblasting, and the part 
recoated. If the coating is a glassy 
red to light yellow, it is probably 
satisfactory for testing. 





—r 
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Conducting the test 


per in. per °F 


| 


Unlike the resin-base materials, the 
glazed coating requires no special pro- 
tection from oil, water, or reasonable 
mechanical handling. Also, because 
glazed coatings do not creep at normal 
operating temperatures, the testing 
techniques are less exacting than those 
for Stresscoat. All that is necessary 
is to apply loads according to a pre- 
determined schedule and check for 
cracks using the electrostatic dust 
technique. a . : = 

An example of the use of the glazed : 8001090 __1290 1400__ 1690 _1800 
coating at Battelle is the determination Threshold strain microin. per in 


coeficient of thermal expansior 
microin, 

T 

a 


Mean 


| 
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11..Pattern... 


. IN ALL-TEMP COATING OF ENGINE HEAD DURING CYCLING TEST. 


of the operational stresses in an ex- 
perimental internal-combustion engine 
head, Fig 11. The tested material, 
being cast iron, had a_ thermal 
coefficient of expansion of 6 x 10° in./ 
in./F. After preliminary experiments 
with several coatings of different 
sensitivities, we decided on a coat- 
ing with a crack sensitivity of 800 
microin. per in. strain because it was 
considered desirable not to exceed this 
strain level in the head. Some areas 
were stressed beyond this level. 

The head was then coated and 
glazed according to the new procedure 
described for castings of this type. 
After glazing, the head was installed 
on the engine and the engine run 
through its test cycle. The head was 
removed and examined for cracks 
using the electrostatic dusting pro- 
cedure. The dusting technique re- 
vealed that cracks had occurred 
around holes or stress raisers, particu- 
larly where the reinforcing bosses 
were omitted. The cracks indicated 
that the stresses had exceeded the 
maximum level considered desirable, 
and located weak points for further 
study by strain gages. 


For reprint of above article, just check 
640 on one of the Reader Service 
cards found in this issue. 


EDITOR’S NOTE: This is the sec- 
ond of a series of articles by the staff 
of Battelle Memorial Institute cover- 
ing today’s experimental stress analysis 
techniques. The first, “Which Type of 
Stress-analysis Method?”, Oct 16, p 
90, compared the seven main cate- 
gories—brittle coatings, strain gages, 
photoelasticity, grid systems, X-ray de- 
fraction, acoustoelasticity, extensome- 
ters—and gave selection tables for 
finding best candidates. 

Coming next is a comprehensive 
article on strain gages, covering basic 
types and recent developments, meth- 
ods of attaching gages, measurements 
and calculations, and special trans- 
ducers. 

For more information on stresses in 
cylindrical blocks and pressure vessels 
see: 

Maximum Stress in Cylindrical 
Short Blocks, Jan 23 '61, p 63—The 
article gives charts to analyze whether 
a block can stand both tension and 
compression, or only one—regardless 
of the location of the load—and gives 
equations you need to determine max- 
imum stress. 

Three Nomographs Aid in Design- 
ing Pressure Vessels, Nov 14 60, p 
78—For finding wall thickness, hoop 
stress and pressure limit. 

—Nicholas Chironis 
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When superhard-finished aluminum shows no wear in six years... 
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that’s Alcoa Total Ability at work! 


Molding earth-mover tires takes 1,000 psi minimum 
at 200 to 325°F for as long as 12 hours straight. Six 
years ago, the world’s largest tire tread mold insert, 
36.00 x 41—an aluminum casting—was hard-coated 
by the Alcoa* Alumilite* process. No wear has been 
found and none is expected. 

Originated and developed by Alcoa research, the 
Alumilite process gives aluminum a “‘file-hard,” 
thick, dense coating. Formerly, passenger-car tire 
molds wore past tolerances in just 30 days. With 
Alcoa’s Alumilite Hard Coating, their service life is 
indefinite. Other coatings hard enough to protect as 
well cost about three times as much. 

At work or on display, aluminum takes a thousand 


finishes. Electrochemical like Alumilite 
guard it from weather and wear. The rainbow’s colors 
grace Alcoa Aluminum through surface treatment or 
finishing. It’s textured:a hundred ways. A 48-page, 
full-color booklet, Finishes for Alcoa Aluminum, is 
available. Send for your free copy. 

Shapes of aluminum in endless variety also come 
from Alcoa’s forges, foundries, rolling mills and 
extrusion presses. Truly, imagination’s the only limit 
when Alcoa Total Ability works aluminum for you. 
Learn the difference it can make in your products 
(and profits!). Call your nearby Alcoa sales office, 
or write: Aluminum Company of America, 857-L 


Alcoa Building, Pittsburgh 19, Pa. 
*Trade Name of Aluminum Company of America 


processes 


Warcoa ALUMINUM 





A ALUMINUM COMPANY OF AMERICA 











Wasland Duran 

















On just about any product this built-in finish 
reduces manufacturing costs... boosts saleability 


SEND FOR SAMPLES TODAY 
Take the matter of costs. Since Masland Duran Clad is an integral 


finish, you can work with pre-finished parts. That means you can The Mastand Deraleather Co., Dept. P64 
often do away with the need for baking and spraying. No new sche Nagi 

processing equipment needed, either. This colorful, handsomely Rate G, SEES Th, SERENE Sy SH, 
designed vinyl can be permanently laminated to metal . . . and 
cut, crimped, drilled or deep drawn without distortion or marring. 
As for saleability . . . there isn’t anything that excels color-bright, 
easy-to-clean Clad for attracting immediate and favorable atten- 





Please send information and samples of Clad. 


Name Title 





Company 





Street 





Industrial Products Division 





ae 


| 
| 

| 

| 

| 

| 

| 

| 
tion to your product. For samples, mail this coupon. 
| 

| 

L 


THE MASLAND DURALEATHER CO., Dept. PE-L, Philadelphia 34, Pa. 
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Tefion-capped ring seal . . . 

is said to be self-centering and to 
resist “tipping” and spiral failure in 
groove, assuring positive 
pressures up to 3000 psi. Ring's con- 
figuration provides “shoulders”, on 
which Teflon component rests. De- 
signed for use without backup rings 
and may be installed in standard 
MIL-P-5514D O-ring grooves. W §S 
Shamban & Co, 11617 W Jefferson 


seal at 


Blvd, Culver City, Calif. 
Circle 300 on Reader Service Card 


5008 


Indexing and locking device . . . 
provides adjustment of control link- 
ages. Consists of two investment- 
cast serrated washers, with each notch 
representing 0.001 in linear adjust- 
ment. Mechanic need only turn de- 
vice the required number of notches 
to obtain desired setting. Conforms 
to NAS spec 1193. Available sizes 
range from 0.260 in. ID and 0.44 in. 
OD to 0.265 in. ID and 2.88 in. OD. 
Arwood Corp, 321 W 44 St., New 
York, 

Circle 301 on Reader Service Card 


Set screw has knurled cup point 

and a thread form with rounded root. 
In simulated applications with vibra- 
tion loadings, set screw remained tight 
at least 2-2 times longer than other 


76 





knurled cup and plain cup points both 
with and without plastic locking de- 
vices. Smoothly radiused thread root 
is said to distribute stresses to permit 
tightening torques as much as 40% 
higher than comparable fastenings. 
Available from stock at same price as 
this manufacturer's standard line 
of hexagon set screws, diameter sizes 
+4 though | in. Standard Pressed 
Steel Co, Jenkintown, Penna. 

Circle 302 on Reader Service Card 


Rate transducer .. . 
converts moving weight (can be ap- 
plied to tachometer measurements of 
20 rpm or lower) into electrical 
signal. Signal, proportional to rate 
and speed of moving weight, can be 
fed into computer system to control 
processes or conveyor equipment 
through closed loop. Consists of 
pulser wheel, proximity pick-up coil, 
integrator rate transducer, range box, 
and measuring instrument, such as 
meter, recorder, etc. Output is con- 
verted to de or straight-line voltage 
through solid state amplifier integrat- 
ing circuit. Merrick Scale Mfg Co, 
180 Autumn St, Passaic, NJ. 
Circle 303 on Reader Service Card 





Reintorced 
section 











Coated metallic seal. . . 

has tapered cross section that acts as 
reinforcement under pressure. Suita- 
ble for pressures from vacuum to 
30,000 psi, temperatures of —320F to 





2200 F. Available for all standard AN 


cavities, as well as many irregular 


sizes and configurations. Servotronics, | 


Inc, Gruner Road, Buffalo 25, NY. 
Circle 304 on Reader Service Card 


Precision rotary switches .. . 

are integrally molded units, with con- 
ductor sections of conductive plastic 
molded integrally with insulating plas- 
tic base. Terminals are insert-molded 
in this same base. Since this makes it 
possible to provide conductive and 





non-conductive sections of similar 
coefficients of friction and thermal ex- 
pansion, stick-slip phenomena are said 
to be eliminated. Designed for sam- 
pling, telemetering, programming, re- 
mote control and signaling. If signal- 
to-noise ratio need not be better than 
5:1, and 10,000 revolutions, min, is 
adequate service life, voltage load can 
be as high as 30 v, with 300 milliamp 
current. If 50:1 signal-to-noise ratio 
is required and longer service life (10 
million revolutions, min) is desired, 
voltage load limit is 30 v with 12 
milliamp current. In speed tests, sig- 
nals were substantially identical at 
1000 fpm and 18 fpm. Prices are ex- 
pected to be in $30 to 1500 range; 
delivery 4-12 wk. depending on tool- 
ing. Markite Corp, 155 Waverly PI, 
New York 14. 

Circle 305 on Reader Service Card 





Bore element 
} Drum 


element 


F ee | 


Stepped 
spring 








Coupling for continuous slip . . . 
serves as a torque limiter as well as a 
coupling for two coaxial shafts. When 
load exceeds limit torque, the two 
shafts rotate relative to each other at 
full limit torque. Can operate with 
misalignments up to 0.006 in. between 
shafts. Limit torque tolerance is 
+15%, but can be calibrated to 
within +5%. Designed to operate for 
1000 hr continuous slip at maximum 
power dissipation ratings. Machine 
Components Corp, 39 Fair Lane, 
Jericho, NY. 

Circle 306 on Reader Service Card 


Gravity-sensing potentiometer . . . 
is for use in correcting mechanisms 
and consists of curved glass tube con- 
taining a predetermined amount of 
electrolytic solution to create air bub- 
ble. Motion of air bubble caused by 
tilting creates variable impedance ac- 
cording to degree of immersion of top 
electrodes. Advantages over pendulum 

continued, on page 84 
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HIGH-DENSITY 
WITHOUT TOOLS! 


HIGH-DENSITY 
WITHOUT TOOLS! 


HIGH-DENSITY 
WITHOUT TOOLS! 


HIGH-DENSITY 
WITHOUT TOOLS! 


THE 
ONE-TRACK 
MIND 
OF 
TERMI-BLOK* 


HIGH-DENSITY 
WITHOUT TOOLS! 


HIGH-DENSITY 
WITHOUT TOOLS! 


HIGH-DENSITY 
WITHOUT TOOLS! 


HIGH-DENSITY 
WITHOUT TOOLS! 


* Trademark 


TERMI-BLOK®* is a brand hew 
concept in terminal blocks. Its 
design has a single, fundamen- 
tal motive: to permit high-den- 
sity power and control circuiting 
and power distribution, with no 
tools needed for circuit con- 
nections and changes. 


TERMI-BLOK = functionally _re- 
places all terminal and barrier 
boards presently in use in 
switchboards, panelboards and 
power control of all kinds. 


TERMI-BLOK terminal blocks 
provide higher density per lineal 
inch of aluminum track for 
both power and control circuits 
than other terminal blocks. And 
TERMI-BLOK permits front-load- 
ing of circuit wires (instead of 
space-wasting horizontal Ipad- 
ing) for higher overall density. 


Unlike other terminal boards, 
TERMI-BLOK requires no tools 
for wiring insertions and with- 
drawals. Tab terminals, com- 
pression-crimped to your circuit 
wires by a mated AMP hand 
or automatic tool, can be 
inserted directly into 3-circuit 
common. or 6-circuit common 
slotted modules, and can be 
extracted just as easily, without 
adjusting screws, bolts, etc. 
TERMI-BLOK will accept 10-22 
AWG wire sizes, will handle 
35 amps. 


Write today to AMP INCORPO. 
RATED and receive complete 
Jelslebiler-halelar 


AMP INCORPORATED 


GENERAL OFFICES: HARRISBURG, PENNSYLVANIA 


AMP products and engineering assistance are available through subsidiary companies in: Australia « Canada « England « France « Holland © Italy « Japan « Mexico « West Germany 
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More sealing ability in less space 
with J-M UNEEPAC® 


THIS CROSS-SECTION DESIGN 
DEMONSTRATES WHY UNEEPAC 
AFFORDS FULLY AUTOMATIC 
SEALING, EVEN IN LIMITED SPACE. 


J-M Uneepac is designed and engi- 
neered to provide a truly automatic 
lip-packing element for use in appli- 
cations requiring multiple ring sets 
in minimum stuffing box depths. 
The design has many outstanding 
features. The rings nest together in 
an interlocking manner, but lips still 
have freedom to flex at the*hinge and 
be pressure-actuated. Each ring is 
an individual sealing element, and 
does not require compression adjust- 
ment against adjacent rings to make 
it seal initially or during its life. 
Easy-to-assemble Uneepac Rings 
offer peak sealing efficiency at opti- 
mum economy. They seal against the 
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most rugged conditions, and give ex- 
ceptional service life in rod and pis- 
ton applications. They fit accurately 
and reduce friction. Uneepac Rings 
are precision-moulded, skillfully 
compounded in whatever materials 
best meet your requirements. A com- 
plete range of standard sizes, styles 
and materials is available for im- 
mediate shipment. Or, Johns-Man- 
ville will design and custom-make the 
exact packing you require. 

And in light-duty applications 
where space is not available for mul- 
tiple-ring sets, J-M Deep Base Unee- 
pac Packing offers important econ- 
omies. This simplified single-ring 


version of the Standard Uneepac de- 
sign, engineered for reciprocating 
piston and rod application in air 
and low pressure hydraulic service, 
provides lower break-away load, less 
friction and smooth, dependable 
action. 

You will find all J-M moulded pack- 
ings materials and designs in the 
new booklet PK-173A . .. with spe- 
cific recommendations for most ap- 
plications and service conditions. For 
a free copy, or for help with any seal- 
ing problem, see your J-M Distribu- 
tor. Or write to Johns-Manville, Box 
359, New York 16, N. Y. In Canada: 
Port Credit, Ont. bc 


JOHNS MANVILLE 


JOHNS-MANVILLE Yl 


PRODUCTS 
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U.S. VARIDRIVES offer 
100 hp. 2 
from 1/4 h.p. up! 





NOW we offer 100 h.p. U.S. VARIDRIVE MOTORS, 


From the time we offered the first 


Variprives 29 years ago, right on up the line to today’s 100 h.p. model, U.S. design ability 
has kept Vaniprives years ahead. With U.S. Variprives you are not limited to 40 h.p. As long 
as 12 years ago U.S. Motors offered its 50 h.p. model—then 60, 75 h.p.—and now 100 h.p. This 
leadership in design ability serves you, whatever VARIDRIVE you select, with special U.S. 


benefit features from the %4 h.p. model up! 
FREE COLOR 
BROCHURE 


U.S, ELECTRICAL MOTORS INC. " Variete 


Los Angeles 54 (P. O. Box 2058) California—or Milford, Connecticut No. F-1797 
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WINSMITH 3 WORM GEAR SPEED REDUCERS 


SPECIAL BRONZE WORM GEARS 

cast to recommended AGMA 

standards. Low coefficients of fric- 

tion and thermal expansion for 

cooler, more efficient operation. 
CAST IRON HOUSINGS 
designed for high heat radia- 
tion. One-piece construction, 

close-grained gray iron for max- } 

ee ye mm : TAPERED ROLLER BEARINGS 

for minimum maintenance, 

long bearing life, permanent 

shaft alignment. Capacity to 


POSITIVE OIL SEALS ' ‘ 
keep oil in, dirt out. Shafts oct" a gcelatpaataai ai sa 


lapped to micro-finish under 
seals for uniform contact, 
longer seal life. 


AVAILABLE iu single and 

f double reduction models, for 

CASE-HARDENED intermittent or continuous 

GROUND STEEL WORMS service. Order from stock with 

cut integral with the shaft. Heat right-angle or parallel shafts, 

treated for close-grained tough core; worm on top or bottom, all 

carburized before grinding. Meet worm gear or combined worm 

AGMA long-wear specifications. and helical. All types of spe- 
cial units also available. 


@ 1708 Models Winsmith “‘C’”’ Series Reducers are compact units which offer a wide range 
of horsepower and torque output in minimum space. Their design and con- 
e7 / 100 to 34 H.P. struction provides high shock load resistance; maximum thermal capacity 
without induced cooling; greater overhung load capacity; all moving parts 
@ Ratios 5:1 to 4460:1 totally enclosed in a dirt-proof housing and lubricated from a central oil bath; 
and complete interchangeability of major components. These features add up 
@ Max. Output Torque to smooth, trouble-free performance—an extremely low rate of wear—high 
142 to 34.767 in. Ibs mechanical efficiency — and greater overall economy per horsepower dollar. 
, , ; For complete information on Winsmith Speed Reducers, write today or 
call your nearest Winsmith Representative. You’|l find one in every major in- 
dustrial area, listed in the Yellow Pages. They are technically trained experts 
who are always ready to help you with any speed reducer problem. For both 
standard and special power transmission applications, you’ll find it pays to 

standardize on Winsmith. 


WINSMITH, INC. 
208 Eaton Street, Springville, (Erie County), New York 


e e e Winsmith Speed Reducers are made by American craftsmen to meet American design and production standards 
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SILICONE NEWS from Dow Corning 


Stops leaks permanently 


New rubbery adhesive seals out 
moisture, dust, contaminants 


Here’s a really durable, silicone rubber sealant that sets-up at room tem- 
perature and bonds permanently to most materials, including metals and 
plastics. Silastic® RTV 731 has the easy-to-use consistency of toothpaste 
and is supplied ready for application in handy tubes. 


Silastic RTV 731 flows out smoothly, clings to most materials, won’t sag 
or slump when applied to vertical surfaces. It quickly sets-up on exposure 


to air and cures without heat to form a 
tough, flexible silicone rubber seal. 


Seals made of Silastic RTV 731 show no 
loss of either adhesion or flexibility when 
exposed to low pressure steam, moisture, 
high humidity or corrosive atmospheres at 
temperatures ranging from — 100 to 500 F. 
This sealant offers solutions to all types 
of sealing and bonding problems. Wher- 
ever your blueprints call for sealing, it will 


pay you to look into Silastic RTV 731. 


Write for “Greater Versatility with Silastic RTV.” 
Address Dept. 5223a, Dow Corning Corporation, 
Midland, Michigan. Dow CS co r é 
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ot best bet in motors: 









BLOWER MOTORS 
Sleeper! Cradle-mounted in resilient rub- 
ber for extra-quiet, vibration-free opera- 
tion. Low starting torque prevents belt 
slippage and starting noise. It’s a ball 
bearing motor that runs as quietly as a 
sleeve bearing type. Magnetic noises are 
reduced to an absolute minimum by 
special machining and assembly proces- 
ses...air noise is practically eliminated 
by unique ventilation design. And forthe 
ultimate in space savings, investigate 
the A. O. Smith Inside-Out permanent 
split-capacitor blower motor. No switch- 
es, relays, pulleys — a proven direct 
drive motor. 





INTEGRALS 


The workhorse of the A. O. Smith line. 
These open motors provide that extra 
amount of moisture protection. And you 
get quiet operation for critical noise 
areas along with a power reserve that 
pulls across adverse operating condi- 
tions. Rotors are pressure cast in one 
operation to provide an indestructible 
construction. Rotor and shaft assembly 
are dynamically balanced to minimize 
vibration. On models up through five hp 
single-phase, the capacitor is mounted 
inside the motor housing for space-sav- 
ing installation, maximum protection 
and streamline appearance. 





HERMETICS 


Atrue thoroughbred! Rotor-stator assem- 
blies are designed specifically for sealed 
compressors. . . quality-built to provide 
a reliable source of power for refrigera- 
tion or air conditioning, year-in and year- 
out. They're custom-built and dynami- 
cally-balanced for years of dependable, 
quiet, vibrationless service. What's more, 
each motor is manufactured under the 
strictest quality control . . . assembled 
and tested under controlled atmospheric 
conditions, ever-free of dirt and dust. 
Application-engineered in single-phase 
and polyphase, 34 to 100 hp. 














IT’S A 
BETTER 
PRODUCT 


WA-90 


WHEN 
WARNER 
HAS A 
IN IT! 


This new two-speed power take-off 
for heavy-duty tractors is typical 

of the precision assemblies 
produced at Warner Automotive 
Division for farm equipment 
manufacturers. 


Simply by changing the output shaft, 
the farm operator can change his 
PTO speed from 540 RPM to 1000 RPM 
—a wonderful convenience in rush 
seasons. Variations of this principle 
are being applied to other types 

of farm implements. 


Let Warner Automotive develop 
mechanical power transmission parts 
for your specific needs. Our 
engineering staff is at your service 
on any problem, without obligation. 


COO 


| AUTOMOTIVE DIVISION | DIVISION 


BORG-WARNER a 
AUBURN, INDIANA 
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or mercury switch devices are said to 
be: damping action, because normal 
viscosity and surface tension of fluid 
used provides smoother action; propor- 
tional output is obtained as horizontal 
position is approached, permitting 
closer control. Glass tube illustrated is 
1% x #» in. dia. Hamlin, Inc, Lake 
Mills, Wis. 

Circle 307 on Reader Service Card 


Miniature slip clutches . . . 
for use as overload couplings or where 
constant torque is required have lock- 
ing set screw for adjustment of torque 
transmission through range of zero to 
4 in.-lb. Made of oil-impregnated metal 
powder parts requiring no lubrication. 
Two types are available: Model K is 
designed to couple two shafts. Model 
M has !'4-in. bore on one end and 
44 -in. shaft on other. Precision Special- 
ties, Inc, Pitman, NJ. 

Circle 308 on Reader Service Card 


Lamp signals for replacement. . . 
using two filaments: One filament 
supplies major portion of light output, 
the other is less bright and has longer 
service life. When brighter filament 
burns out, bulb continues to function, 
but at noticeably lower candlepower 


continued, page 88 
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Wheel Brake 
and Swivel 

Lock Casters 


Wheels of 
all sizes 


Completely 
Sealed 
Casters 


Extra 
Heavy-Duty 
Casters 
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ALBION 


CASTERS 


Albion casters checkmate your materials 
handling problems. They are versatile, 
dependable, economical and available 
right now. Whether you need a caster 
for light, medium, heavy or extra heavy 
duty requirements—stondard or special — 
Albion casters are the practical answer. 

Albion casters are available in every 
conceivable range of Industrial size, type, 
capacity and desired wheel type to suit 
your needs. 

Make the best move... get all the facts 
on Albion Casters today. Write, wire 
or phone for the information you need. 
Albion is always of your service. 


Do it now.. 


request your copy of the Albion 
Caster and Wheel catalog. Yours 
for the asking. 


ALBION 
INDUSTRIES, 
INC. 


Distributors in Every Strategic City 
MAIN PLANT: 


ALBION, MICHIGAN 
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ABS MATERIALS 


Resin or compound, Abson eases your processing job 


Processing is easier with Abson because its superior flow characteristics provide advantages that no other ABS 
material can offer in molding, vacuum forming and extrusion. @ You can reduce operating temperatures, providing a 
solution to color drift problems. Abson ABS materials shorten mold cycles, need only standard equipment. Details 
of the mold are reproduced with great accuracy. And you can 

reduce molding pressures. @® For your convenience, Abson 

comes in several different resins and compounds. Abson Bicevement RD-2, OFMcedteh Chemicet Compens, 
offers excellent impact resistance, hardness and great tensile 3135 Euclid Avenue, Cleveland 15, Ohio 

strength. Learn more about these and other cost-saving, prod- Sunnee cond Aseee Gerien Guides O-2l tax 
uct-improving characteristics. Send coupon for Abson Service 

Bulletin G-22. B.F.Goodrich Chemical Company, 3135 Euclid —— 

Avenue, Cleveland 15, Ohio. In Canada: Kitchener, Ontario. 


RESINS © 


Company 


BEGoodrich Chemical Mean Sra 


a division of The B.F.Goodrich Company City SS State 
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Need low-torque 


instrument drive 


Follow the Jead of more and more companies. . . 


PUT WARWER J\CGES” 


on your design team 
... but not on your payroll. 


*Advanced Control Engineering Specialists 


...do not cost you a penny—but they could open new markets, 
strengthen old ones ...make possible product performance break- “Warner helped us design extra 
throughs never before possible! The Warner ACES*—a thoroughly versatility into our equipment.” 
experienced and imaginative group of electric clutch and brake design 
engineers (who work with your men) can bring your company experi- 
ence gained in hundreds of applications of low-torque drives. 


Warner engineers, working closely with 
Instron Engineering Corporation's own de- 
sign group, helped develop basic product 
Want easy speed changing. . . high-speed cycling . . . automatic in- improvements in Instron’s tensile testing 
dexing . . . synchronization . . . instant actuation? Warner ACES* can equipment. Fractional hp Warner eleciric 
show you how to do it with fractional hp electric brakes and clutches brakes and clutches made possible such 
that handle torque loads of from 1.5 to 240 lb-in. Only 1” to 4” in advances as: greater accuracy and speed, 


: . : added versatility, and foolproof operation 
diameter, these units control complex mechanical movements through —es well as a Prey er a what 
direct electric actuation. 


Warner ACES* unique design service can 
Phone or write today for full detaile about the plus values Warner do for your products today! 

ACES* and Warner electric brakes and clutches can help you engineer 
into your products. 


WANE F? ELECTRIC 


Warner Electric Brake & Clutch Co., Beloit, Wisconsin 1) WARNER 
ELECTRIC 
ead 
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Photographic enlarge- 
ments show the fiow of 
sealing member under 
various stages of com- 
pression, 


New Low Cost Seal 
for face to face sealing 


This new Precision engineered product reliably and inexpensively 
seals bolt heads, rivets, screws, flanges and flange fittings. It is priced 
so low that you can now afford to use a seal of this type in your pro- 
duction equipment. 


3 Point Sealing 

Self Centering Tongue 
Vibration Proof 
Controlled Confinement 


For air, water, gases, petroleum products, jet engine fuels, chemicals, 
etc. —100°F to + 500°F. Send for your free copy of our Brochure de- 
scribing the features of new Precision PARA-SEAL. 


_ : \ . 
®recision Rubber Products Corporation 
“O” Ring and Dyna-seal Specialists 


Dept. ~ H Oakridge Drive, Dayton 17, Ohio Canadian plant at: Ste. Tharése de Blainville, Québec 
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assembled in every * 


Manufacture of long-life, Hansen SYNCHRON 
Timing Motors is quality-controlled throughout, to 
make them the best synchronous motors for indus- 
trial and commercial applications. Skilled, experi- 
enced workers assemble Hansen SYNCHRON mo- 
tors to rigid standards. Each motor undergoes 51 
separate tests and inspections before shipment, in- 
ultimate in silent, continuous, 
synchronous power for specific timing applications. 


suring users of the 
Operating efficiently in any position, self-starting 
selt-lubricating Hansen SYNCHRON Timing Motors 
deliver from 8 to 30 in./oz. guaranteed torque; at 
temperatures from —40 F to +-140 F; in speeds from 
600 rpm down to 14 rph; clockwise or counterclock- 
wise rotation. Over 200 types of output available. 
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HANSEN 


The efforts of Hansen engineers have 
been concentrated in just one area for 
over 50 years — creating and applying 
synchronous power units to timing ap 
plications. Use this experience tw solve 
your specific timing problems. Contact 
your nearest Hansen representative, or 
write direct. 


HANSEN REPRESENTATIVES: 


THE FROMM COMPANY 
5150 W. Madison, Chicago, Illinois 


| 

| 

| 

| 

| 

| 

| 

| 

| 

| 4. C. JOHNSON AGENCIES, INC 
| Rochester, N. Y. * Buffalo, N. Y 

| Syracuse, N. Y. * Binghamton, N. Y. 
; Schenectady, N. Y. 

| 

| 

| 

| 

| 


ELECTRIC MOTOR ENGINEERING, INC. 
Los Angeles, Calif. (Olive 1-3220) 
Oakland, Calif. 


WINSLOW ELECTRIC CO. 
New York, N. Y. * Chester, Conn 
Philadelphia, Penn. * Cleveland, Ohio 
¥Aan average 
SYNCHRON Motors 
| designed for shorter life 
years longer. 


Hansen 
many arc 
others for 


figure for 


HANSEN 


MANUFACTURING 
COMPANY, INC 


NEW COMPONENTS 


output. Available in several sizes and 
designs. Chicago Miniature Lamp 
Works, Dept PE-1, 1500 N Ogden 
Ave, Chicago 10, Ill. 

Circle 309 on Reader Service Card 





Mercury switch holder . . . 
permits two different kinds of in-serv- 
ice adjustment. One provides adjust- 
ment for critical point of actuation. 
The other regulates degree of over-tilt, 
controlling differential between on and 
off. Can be supplied for different sizes 
of switches. Frank H Dougherty, 405 
Atkins Ave, Lancaster, Penna. 

Circle 310 on Reader Service Card 


Valve minimizes line shock . . . 
in hydraulic or pneumatic circuits by 
means of its tapered plug and con- 
trolled linear flow. Flow of viscous 
oil is linear through valve’s tapered 
orifice during opening and closing cy- 
cles. Flow may be regulated from 
0 to 1 gpm at 400 psi through stand- 
ard +, in. orifice. Opening or closing 
cycle is % sec. Rated for 400 psi 
differential pressure with special ver- 
sions for up to 600 psi. Will operate 
in any position on ac coil voltages of 
6 to 440 v (50 or 60 cps), or 6 to 220 
v dc. Less than 3 in. overall height 
with 1% in. dia brass body, weight is 
1 to 1 lb, 6 oz. Allied Control Co, 
Inc, 2 East End Ave, New York 21. 
Circle 311 on Reader Service Card 


Displacement transducer . . . 

for mechanical applications such as 

checking dimensions of work, thick- 

ness gaging, wobble detection, posi- 

tion checking has linear range dis- 

placement of +0.500 in. A _ built-in 
continued, page 94 
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NEW 0-M SQUARE-HEAD AIR AND HYDRAULIC CYLINDERS 
«GIVE THE PERFORMANCE YOU EXPECT... AND MORE 


Long Service 
& Uniform Performance 
& Dimensional Interchangeability 
4 High Operational Efficiency 


5 Compact — Saves Space 


Air—(rated 200 psi) 


Hydraulic—(rated up to 2000 psi) 


Quick, Easy Maintenance 


Made of the highest quality materials and seals, 
these new components combine modern design, the 
latest and best engineering advancements with O-M 
specialized “know how” and precision workmanship. 
New Series “K"’ Air Cylinders 

Construction features include brass cylinder barrel, 
chrome-plated, high tensile steel piston rod with a 
minimum yield strength of 90,000 to 100,000 psi. 
Rolled and machined steel heads and extra long car- 
tridge-type rod bearing assure perfect alignment of 
piston rod. 

New Series ‘L’’ Hydraulic Cylinders 

Similar in many construction features to Series “K”’, 
but specifically designed for hydraulic service. Incor- 
porate vee-type rod packing and a cylinder barrel of 
micro-honed steel tubing which are best suited for 
hydraulic operations. 

With the addition of the new Series “K” and “L” to 
the Ortman-Miller major line of air and hydraulic 
cylinders, you can now rely on O-M for all of your low 
and medium pressure cylinder requirements. Both 
Series “K” and “L” are dimensionally interchange- 
able with other cylinders of a like type. Fabricated, 
precision steel mounts and accessories assure precise 
mounting. 
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Meet JIC Standards 142” to 14” Bores 


Mail coupon today for complete details. All cylinders 
in Bulletins 115A and 116 have been dimensioned in 
accordance with NFPA recommendations for your 
convenience. 


RTMAN-MILLER MACHINE COMPANY 
15 143rd Street, Hammond, Indiania 


C] Have representative call 
Please send Bulletin(s) 


— 


] 115A—Series *'K () 116-Series “tL” 


‘ 


F ST , 
| hE —___—_—— 
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MINIATURE A.C. & D.C. 
MOTOR AND BLOWER 
PROTOTYPES 


24 HOUR DELIVERY 
order from this page 


When you need precision miniature motors, gearmotors, 
or blowers quickly, call Globe! We stock limited quantities 
of many sizes and types—both a.c. synchronous and 
induction (60 and 400 cycle) and d.c., p.m. and wound 
field for meeting your prototype needs. While we can't 
meet every requirement from stock, we can probably tide 
you over until we can furnish you the exact motor or blower. 
Special prototypes are generally available in 2 to 4 weeks. 
Check your needs against the partial stock listing below, 
then ask your local Globe representative or call the factory 
direct for immediate service. For details, request Bulletin 
24 from Globe Industries, Inc., 1784 Stanley Avenue, 
Dayton 4, Ohio. 222-3741. 





A.C. MOTORS 


TYPE SC. 1%6” dia. x 1'%2”", 
115 v.a.c., 60 cycle, 1 phase, 
h oe synchronous, output: 

oz. in. @ 3,600 rpm. Globe 
P I" 53A118-2. 


TYPE SC. 1%6” dia. x 1'%o”, 
115 v.a.c., 400 cycle, 1 phase, 
wore esis-synchronous, output: 
.12 oz. in. @ 12,000 rpm. Globe 
P/N 53A106-2 


TYPE MC. 1%” dia. x 2%”, 
115 v.a.c., €0 cycle, 1 phase, 
hysteresis-synchronous, output: 
7 oz. in. @ 1,800 rpm. Globe 
P/N 18A107-2 (for 3,600 rpm., 
Globe P/N 18A108-2). 


TYPE FC. 1'%6” dia. x 2%” 
115 v.a.c., 60 cycle, 1 phase, 
hysteresis-synchronous, output: 
1.0 oz. in. @ 1,200 rpm. Globe 
P/N 75A119-2 (for 3,600 rpm., 
Globe P/N 75A121-2). 


GEARMOTORS 


TYPE MC PLANETARY. 1%” dia. 
x 3%2” long. 115 v.a.c., 60 cycle, 
1 phase, 6 rpm. output, 17: 

in., hysteresis-synchronous. 
Globe P/N 33A603-600. 


TYPE FC PLANETARY. 1'%.6” 
dia. x 3.594” long. 115 v.a.c., 60 
cycle, 1 phase, 10.2 rpm., 160 
oz. in., hysteresis-synchronous. 
Globe P/N 83A116-352.6. 


TYPE FC PLANETARY. 1!%.¢” 
dia. x 3.190” long. 115 v.a.c., 60 
cycle, 1 phase, 64.4 rpm., 20 oz. 
in., hysteresis-synchronous, 
Globe P/N 83A115-27.94. 


BLOWERS D.C. MOTORS 


VAX-3-FC. 3” dia. vaneaxial for TYPE VS. %6” hs x %” x 1%”, 
200 v.a.c., 400 cycle, 3 phase. 12 v.d.c., .12 a 0.2 oz. in. @ 
120 watts, 100 cfm. air delivery 8,000 rpm. Globe | P/N 98A102-8. 
at 3.5” H,O0. Giobe P/N 19A751. 


Ly MM. 1%” dia. x 2%2”, 24 
VAX-3-FC. 3” dia. vaneaxial for d.c., .25 amp, 0.5 oz. in. @ 
200 v.a.c., 400 cycle, 3 phase. 17, 500 rpm. Globe P/N 3A998-1. 
65 watts, 60 cfm. air delivery at 
1.0” H,0. Globe P/N 19A911. 


TYPE LL. ae dia. x 2%", 
v.d.c., .65 1.0 o a 
VAX-3-GN. 3” dia. vaneaxial for 11,000 rpm. Globe PN 3A1003- 1. 
115 v.a.c., 60 cycle OR 115 
v.d.c. 55 watts, cfm. air de- 
py at 1.5” H,O. Globe P/N 
19A908. 


GLOBE INDUSTRIES, INC. 


PRECISION MINIATURE MOTORS. GEARMOTORS. TIMERS. 
ACTUATORS. CLUTCHES, BLOWERS, MOTORIZED DEVICES 
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VERSATILES 


HOOVER INTEGRAL SHAFT BEARINGS IN UNLIMITED MODIFICATIONS 


CAN SOLVE YOUR DESIGN 


In practically every application where bearings are 
applied to a shaft, Hoover Integral Shaft Bearings 
can cut costs and improve product efficiency. 
These compact, self-contained units cost less than 
separate components and save time during product 
assembly. Widely spaced rows of balls or rollers 
provide shaft stability and smooth operation. 


hOower? 


BALL AND BEARING COMPANY 
5400 South State Read, Ann Arbor, Michigan 


Zone Soles 8581 South Chicago Ave., Chicago 17, Illinois 
Offices and 290 Lodi Street, Hackemock, New Jersey 
Werchouses 2020 Sovth Figueroa, los Angeles 7, Colifornia 
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PROBLEMS AT LOW COST 


Hoover Micro-Velvet Balls fitted into raceways 
Hoover Honed directly on the shaft assure quiet 
operation, high load capacity and long life. 
Hoover Integral Shaft Bearings are available in 
a wide variety of bearing units, shaft types, 
seals and combinations. For information, mail the 
coupon below. 


Micro-Velvet and Hoover Honed are Hoover Trademarks 


Hoover Ball and Bearing Company 
5400 South State Road, Ann Arbor, Michigan 


Please send me information on Hoover Integral Shoft Bearings. 


Name 
Title omneagion 
Compeny______ 
Address_ 


City 


—_—— ower are eee eee ee er 
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Trouble free performance and long life 
are always important — 





Side Pust 
Maintained Contact 
Limit Switch 


Shown here are just a few of the many different types in the Bulletin 802T line. 


These Allen-Bradley Oiltight Limit Switches 
Are Hard To Beat! 


You'll find exactly what you need in the wide 
variety of Allen-Bradley Bulletin 802T oil- 
tight limit switches. Also, you can be certain 
that your selection will provide many millions 
of reliable operations, no matter how severe 
the service may be. Allen-Bradley proves these 
facts to itself—for the benefit of its customers 
—by continuously conducting accelerated life 
tests far more grueling than ever encountered 
in service. 

All of these rugged Bulletin 802T oiltight 
limit switches have operating heads and 
switch bodies that are completely sealed. It is 
impossible for oil or dirt to enter and cause 
contact fouling or sluggish operation. The pre- 


Member of NEMA 


cision switch mechanism maintains high con- 
tact pressure up to the instant of snap-over. 
Vibration cannot cause contact chatter and 
arcing. As with all A-B control, the double 
break, silver contacts never need servicing. 
Specify Allen-Bradley Bulletin 802T oil- 
tight limit switches and obtain “‘extra’’ mil- 
lions of trouble free operations and longer 
life. As you know, “‘downtime’”’ is enormously 
expensive. The difference in price between an 
A-B limit switch and some other make is not 
worth the gamble! For full details, please 
write: Allen-Bradley Co., 1329 South First 
Street, Milwaukee 4, Wisconsin. In Canada: 
Allen-Bradley Canada Ltd., Galt, Ontario. 


ALLEN-BRADLEY / UNI 
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WHY DESIGNERS DO A “DOUBLE-TAKE”’ ON 
TORRINGTON SELF-ALIGNING BALL BUSHINGS 


This Self-aligning Ball Bushing is designed for tough work...takes misalignment in its stride 
while supporting the heaviest radial, thrust or combined loads. Even low frequency oscilla- TORRINGTON 
ting operation can be accommodated. SELF-ALIGNING 


BA H| 
Self-aligning ball bushings, so simple and inexpensive, are often overlooked. Take a look LL GUSHINGS 


at Torrington’s for the best solution to many misalignment and heavy loading problems. Series SBB 


(for industrial applications) 
Both the ball (inner ring) and the mating, spherically ground outer ring, are made from 
bearing quality steel. The outer ring has a cylindrical O.D. to permit normal mounting. Oil 
holes and grooves permit relubrication through either shaft or housing. 


All surfaces phosphate 
coated and treated with 
dry film molybdenum di- 


You'll find the Torrington Self-Aligning Ball Bushing is the most effective answer to tough, sulphide lubricant. 


heavy-duty problems. For details, call or write us today. 


progress through precision TORRINGTON BEARINGS 
renee nena enna ess 
THE TORRINGTON COMPANY South Bend 21, Indiana «+ Torrington, Conn. 
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NEW COMPONENTS 





Drecision Engineered 
Performance Tested 


bi me 





mechanical zero adjust is provided, 
together with a sealed but accessible 
range adjust. Roller end is equipped 
with precision bearings capable of 
withstanding shock loads and high 
speeds. Can be supplied with differ- 
ential transformer with linear range 
+0.1 in. for shorter stroke. Auto- 
matic Ringing & Controls, Inc, King 
of Prussia, Penna. 

Circle 312 on Reader Service Card 


PERFECTION 


Worm Gear 


One of our major capabilities is to design, develop 
and produce speed reducers that will insure maxi- 
mum performance and economy in your operation. 
Our experience in the special problems and objec- 
tives of power transmission is broad and deep. The 
men at American Stock Gear having this impor- 
tant capability, use the most advanced analytical 
engineering facilities to design speed reducers to Pressure change separates magnets 
meet tomorrows needs. in indicator, permitting red button to 
pop up and providing visual signal. 
Clogging, contaminant buildup, pump 
malfunction causes pressure to enter 
through top passage into chamber be- 
tween upper and lower magnets. This 
depresses lower magnet and permits 
top one to rise. Actuating pressure 


If you have a reducer problem that you feel is (1.5 to 100 psi) can be adjustable or 
“different”, our engineers are ready to advise, de- | Permanently set at factory. For sys- 
sign and produce speed reducers to your tem working pressures to 10,000 psi 


particular requirements. In the mean- | #4 operating temperatures of —65 F 
x time, write for your copy of our Re- 9 S72 Fi. SE Giy 5S Gan Ce Ane, 


| ducer catal ini ions, Glen Cove, NY. 
= alog containing illustrations <6 ho 


charts and tables to help you on your 
next application. 


Whatever size or style reducer you need, you'll find 
the right combination in the complete Perfection 
line — a line that is precision engineered and per- 
formance tested in thousands of different applica- 
tions. 


We make a complete line of stock gears. Send for Gear catalog No. 360. Single reduction gearmotor . . . 


designed for direct’ connection to 


driven machine is available with 

= 14 & | NEMA style C or D brackets in 9- 
and 10%-in. dia face plate, respec- 

tively. Windings are asbestos-pro- 

4 tected, castings are normalized, gears 


are honed and pinions have solid 


AMERICAN STOCK GEAR DIVISION shanks. Only slower = —s 
PERFECTION GEAR COMPANY, HARVEY. ILLINOIS eS Se ee 
continued, page 103 
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-J_Spe emaker cylinder line is not drive applications. The Spacemaker is avail- 
ror rer been, a probe into outer able in @ complete range of bore sizes and 
as a practically designed, rela hydraulic, and.contains many 

me tested product. plus fea and extras 4 ANDARD... 

“(no tie-rods) and NO. EXTRA. COST! Wife Tomkins-Johnson, 

Mic 8 Ave., Jackson, Mich. for 

#155-4 and for full particulars, today. 


= TOMKINS-JOHNSON 


il 
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MWA use 


HEIM Uulal BALL BEARINGS 




















A significant contribution to bearing technology was made by HEIM when 
they first presented their exclusive and patented revolutionary concept in the 
design and method of manufacturing ball bearings. 


These new bearings have solid, unbroken, machined inner and outer raceways; 
deep, burnished ball grooves; and a full complement of balls. There are no re- 
tainers, and the balls travel in races uninterrupted by counterbored rings or 
filling slots. 


Ball Bearings hor Special Purposes 


With the Heim advanced techniques in ball bearing construction, additional 
features can be incorporated in the production of these bearings to allow wider 
applications not before thought possible. 


Fox exantple . . . 


“Sawsmith,” made by Magna American Cor- 
poration, is claimed to be the world’s finest 
Radial Arm Saw. It has four Heim Ball Bear- 
ings, specially designed with grooved outer 
members, which serve as glide bearings 
against the arm guide rails. These are 
mounted on an eccentric shaft for easy 
adjustment. 


The Heim method presents the design engi- 
neer with virtually unlimited possibilities, 
such as... compact ball bearings with 
grooved outer members, single or double row 
types, plain or flanged outer members, and 
made for round, square or hexagonal shafts. 


Production of special forms depends on vol- 
ume requirements. 


Miniature Ball Bearings 


Heim’s unique process produces a bearing with a full complement 
of balls, deep, unbroken, burnished ball grooves, with maximum ca- 
pacity for radial and thrust loads. 


The miniature series is made in open type, with one or two shields, 
or with extended inner races for clevis mounting. 


These miniature bearings with outside diameters from .1250 to 
.5000 are made with characteristics perfectly adequate for many ap- 
plications now using precision bearings. 


Send for new catalog of standard ball bearings, see the Heim bearings distrib- 
utor, or write our engineering department for information on special forms. 


HEIM BALL BEARINGS 
Made for UNIVERSAL BEARINGS CORP. Fairfield, Connecticut 
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TYPE20AS XA NORGREN 
PRECISION 
PRESSURE 
REGULATOR 


high sensitivity and exact accuracy 
of air pressure regulation 


The new Norgren Precision Pressure Regulator, Type 20AS, 
is designed for air-gauging, laboratory use, pilot regulation 


‘ ; , SPECIFICATIONS: 
and other applications where a high degree of accuracy and 
sensitivity is required for air pressure regulation. Operation O69 palg secondary pressure 


mp . . 0-150 psig primary pressure 
of the new Type 20AS regulator is characterized by scikehegy 


32° to 160° F temperature range 


the following: ia 
¥," pipe size 


4 Accurate regulation at all flows up to the maximum flow 
recommended for %” pipe. This is more than 2 times the flow 
previously possible with instrumentation regulators. 


Immediate response and high sensitivity. 


3 CExxact repeatability and freedom from drift over short or long 
time operations. 


4 Accurate regulation—even at delivery pressures below 1 psi. 


For complete technical information about the new Norgren Precision Pressure Regulator, call your nearby 
Norgren Representative listed in your telephone directory—or write factory for brochure NA-7. 


e fn Ofna ROl cen. ga Berek 


3428 SOUTH ELATI STREET « ENGLEWOOD, COLORADO 
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..»swhen once will do ? 


It’s a simple matter to add up the savings heavy- 
weight wire coils can give you. How much time does 
it take you to shut down a machine and start a new 
coil through? Multiply that by the number of times 
you have to do it in an 8-hour shift. Then figure that 
as much as 90% of that lost,time is sheer waste. 
Because you could be using AS&W heavyweight 
coils that contain up to ten times as much wire in 
onecontinuous length. Other savings: less handling, 
less storage space needed, even lower scrap loss. 
Heavyweight coils aren’t the only road to cost re- 
duction: American Steel and Wire offers a dozen 
different wire packages. One of them is designed just 
right for your operation. Let us look at your set-up 
and recommend the best package... a simple step 
to increased production. Call our nearest sales office 
or write American Steel and Wire, Dept. 1489, 
Rockefeller Building, Cleveland 13, Ohio. 


Innovators in wire 





American Steel and Wire 
Division of 
United States Steel 
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You'll get smoother performance 
from ARMATURE SHAFTS made 
with famous G. S. precision... 


If you make floor polishers, food mixers, fans, drills, portable tools or 

other products where the mechanism includes an Armature Shaft, your 

best bet is to give your specifications to G.S. We’ve had a world of expe- 

rience in cutting Worms, Spur and Spiral Pinions, as well as Spiral Bevel 

Pinions, integral with the shaft. We know how much smoother, quieter 

operation and efficient performance you get when these parts are made 

right. With modern equipment, rigid inspection systems employing every 

known precision-measuring device, and the services of craftsmen who 

never compromise with quality, G.S. Armature Shafts are made right, to 

° meet the most critical conditions with utmost success. 
Specialties Inc. Our experienced engineers are at your service to discuss any Small 
; f Gearing problem with you—and help you get better answers. Call or 
2635 WEST MEDILL AVENUE ee ee 


CHICAGO 47, JLLINOIS SEND FOR G.S. illustrated folder! See where and how we mass- 


manufacture Small Gearing to uniformly fine tolerances. Folder 

45 contains23 pictures of Small Gears, plant view, Diametral and Cir- 

eatncre ih cingnarere ioe asap arnt men ye ma cular Pitch Tables. Ask for your copy oncompany stationery, please! 
WORM GEARING * RACKS * THREAD GRINDING . 


WORLD'S LARGEST EXCLUSIVE MANUFACTURERS 


OF FRACTONAL HORSEPOWER GEARING G2 Yeats of ‘Afuecii lying Pm hh tnall 6. caring. / 
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Each of these Kopp glass parts was 
engineered to do a specific job 


Perhaps we can help you with your problem . 





REPRESENTATIVE KOPP PRODUCTS 


(Reading from top, left to right) Whether you need a lens, color filter, cover glass, or some other 


TRAFFIC signal lens for pedest trol . . 
Trnthe canal tone for strect end special part, Kopp can engineer and custom-produce a product 


Peliie tone Ter auittisto tone contrat to meet that need. It will be designed to provide the right light 
i eae one and color transmission and distribution, heat-resistance, me- 
ee Sa ee ee chanical strength—in fact, the exact combination of properties 


"iices qumcteinn ts needed to do your special job. Write us about your needs. 


Railroad switchiamp lens 
Railroad fresnel globe 


eu sttndier te tee tess KOPP GLASS, Inc. * SWISSVALE, PENNSYLVANIA 


Legere refractor for street lighting 
Lighting lens—fiat fresnel for 
erior lighting 
pee | museums and art galleries— 


or Serrecneg Gate KOPP GLASS, INC. 


Lighting lens—beam control 
FLOODLIGHTING cover glass SWISSVALE, PA. 


iMindustrial control board indie C) Please send FREE copy of “This is Kopp Glass.” 


Industrial control board indicator lens 
() Enclosing preliminary drawing and application informa- 


Industrial sight glass 
SWIMMING POCL color-correcting lens : : 
tion for your suggestions. 


THEATRICAL lighting color filter 
Theatrical and TV spotlight lens 


AIRCRAFT wingtip lens 
Airport runway lens 
Aircraft wingtip part 
Airport runway color filter 
Airport runway bi-color lens 


AUTOMOTIVE turn signal arrow 
Automotive dome 


DENTAL light color-correcting filter 
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Dust-Free 
PRECISION DIFFERENTIALS 


by Arch 
Boost Servo Performance 


In today’s highly sensitive servo systems, optimum performance of 
precision differentials depends upon many factors. Each phase, 
from design to manufacture and assembly, must be critically con- 
trolled with special emphasis on dust and temperature control. 
At Arch Instrument, all assembly, testing, calibration and packa- 
ging of precision differentials is performed in a new and specially 
built dust-free and temperature controlled ‘‘white room’’ to assure 
you tolerances and performance far beyond the ordinary. In ad- 
dition, the Arch line - consisting of ten models from 1/16” to 
5/16” - offers greater design flexibility with interchangeable end 
gears and modifications of backlash and breakaway torque to cus- 
tomer specifications. To learn more about Arch’s ability with 
precision differentials, write or phone for further information. 


Arch INSTRUMENT COMPANY, INC. 
101 HOLMES STREET, NO. QUINCY 71, MASSACHUSETTS 


DESIGN LAYOUT FOLDER 


Available to engineers, designers and 
purchasing agents. Contains differ- 
ential tracings for use as an under- 
lay in design layout work. 
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102 CIRCLE 102 ON 


| WORM GEAR 
SCREW JACKS 
by JOYCE 


Avaliable from Stock 


Te Protect Threads, Tubes, Valves, Components, etc. from Dirt and Mishandling 





ALUMINUM 


POLYETHYLENE 





For... 
Pressure and Torque Applications 
Actuating 


Pipe Caps 


Pipe Plugs 


“Dp. 0.C." 
Drive-on Caps 


Models, one ton and up. Can be driven by 
motors or manually operated . .. synchronized 
by interlocking shafting and gear ‘boxes. Various 
screw attachment heads available . . . also 
stainless steel or hollow screws. 

SEND COUPON FOR FOLDER Topay! 

“D.1.P."" Series 


THE JOYCE-CRIDLAND COMPANY, DAYTON 3, OHIO Drive-in Plugs 


Series 





“C” Series AN & 
SAE Fittings. 


P” Series AN & 
SAE Fittings 


“C-FT” Series to 
all Thread Speci- 
fications 


“ERA” Series for 
ERMETO and MS 
Fittings 





“200” Series Ta- 
pered Plug & Cap 


“TY” Series Thick 
Wide Flange Ta- 
pered Plug & Cap 


“ep” and “EE” 
Series Elec. Conn. 
Plugs & Caps 


“IF” Series Plugs 
for Inverted Flare 
Fittings 





“LT” Series Tube 
Caps 


“TC” Series Self- 
Sealing Caps—for 
AN & SAE Fittings 


er td Series 
Flange Caps 





Rush folder on Worm Gear Screw Jacks! 

















READER SERVICE CARD 


Special Closures Manufactured to Customers’ Specifications, of Aluminum or Poly- 
ethylene. Quotations on request, furnish description desired including thread size. 
Manufacturers of Industrial Closures Since 1944 


@% CLOVER INDUSTRIES, INC. 














NEW COMPONENTS 





tion without churning. Available from 
1 to 5 hp, 230 to 780 rpm in drip- 
proof, totally enclosed and explosion- 
proof designs. US Electrical Motors 
Inc, Box 2058 Terminal Annex, Los 
Angeles, Calif. 

CIRCLE 314 ON READER SERVICE CARD 


SLO 6, 


NO SPLICE RINGS 


are better because the principle 
hazard found in ordinary seal rings and belts has 
been removed by Western’s Mono Cord one- 
piece construction. In addition, dimensional re- 
quirements are maintained, quality controlled, 
and service vastly improved—all at no extra cost. 
Don’t use a spliced ring for technical seal 
applications, but profit from nearly 60 years 
experience—specify Mono Cord rings by Western. 
Write or phone for 


information, literature Vader’ Gr 
ora visit by our sales me ay a 
engineer in your area. 





a s/ 


sinc 4 1008 
¥ 


WESTERN RUBBER CO. 


GOSHEN 9, LN DIANA 








Molded and Lathe-Cut Rubber Parts 
am for All Industries 





eee; 6 ee. 
Right-angle 1:1 gear drive .. . 
is self-aligning and infinitely adjusta- 
ble. Has hardened helical gears and 
aluminum housing. Right- and left- 
hand units available. Can be used on 
same drive train to operate drives in 
opposite directions at same time. 
Tol-O-Matic, Inc, 246-10th Ave §S, 
Minneapolis, Minn. 

CIRCLE 315 ON READER SERVICE CARD 


Counter-clock combination .. . 

can be reset by front panel controls 
for any given amount of time counting, 
up to 99,999 hr or 9999.9 min de- 
pending on model. A clock is also in- 
cluded in unit, with digital readout for 
either 12 or 24-hr periods. Withstands 


continued, page 104 
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...With male end fittings 


® For oil to 5000 psi 

© Sizes 4%" thru 14%" pipe (NPTF) 
or S.A.E. 

® Combinations of NPTF and S.A.E. 
fittings 


Write for detailed literature 


@ Low Pressure Drop 

M Safe — won't stick open 

@ Tight metal seal 

M@ Rugged — all steel construction 
Manufacturers of Hydraulic Valves and Devices 


. Relief Valves @ Check Valves © Restrictor Valves 
Needle Valves * Pilot Check Valves ® Special Valves 


Pressure Compensated Flow Regulators 
P.O. Box 186 * Mentor, Ohio * BL =e a 
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Eoprtrets inc. 

















HEYCO 


STRAIN 
RELIEF 


BUSHINGS 


For standard ; 
and special 7 
wires and 
cables 


for Insulating 

and Anchoring 
ELECTRICAL 

2 TWIST CORDS & CABLES 


HEYCO 


Insulation and mechanical pro- 
tection for electrical wire &cable, 
hose, tubing & rope—a bearing 








for moving OO 


HEYCO JUNCTION-TERMINAL 
BUSHINGS 


Miniature Insulated Receptacle 
Eliminate “Pig-Tai!” 
Wire Leads 
Mate with 3/16 or 1/4” 
female terminals 
COLOR 
CODED 


® 











HEYMAN 
MANUFACTURING CO. 


KEL WORTH 3, NEW JERSEY 





NEW COMPONENTS 





shock of 2000 psi. Accuracy 0.1%. 
Measures 712 x 6 x 3x in.; weighs 5 
lb. Pennwood Numechron Co, Elec- 
tronic Timing Div, 7249 Frankstown 
Ave, Pittsburgh 8, Penna. 

Circle 316 on Reader Service Card 


Flexible terminal block . . . 
made of polyester will accommodate 
wire up to #10. Electrical rating of 
block is 25 amp. Block containing 12 
terminal units measures 334 x % x % 
in. high, with 11/32 in. between ter- 
minal centers. Block can be bent in 
any direction and cut into sections. 
National Tel-Tronics Corp, 52 St 
Casimir Ave, Yonkers, NY 

Circle 317 on Reader Service Card 


Hydraulic cylinders . . . 
in 2000-psi models for use in such 
applications as machine tools; 2000- 
3000 psi units for all-purpose use 
meeting JIC specs; and in heavy duty 
5000-psi models are available with 
bore sizes of 1-% to 14 in., in 17 
different types of mountings. Denison 
Engineering Div, American Brake 
Shoe Co, 1160 Dublin Road, Colum- 
bus, Ohio. 

Circle 318 on Reader Service Card 


Right-angle check valve .. . 

which may also be used as a low pres- 
sure relief valve has external cracking 
pressure adjustment that permits re- 
setting while in operation. Removable 
end cap assembly permits cleaning 
without removing from line. Body is 
of one-piece, all-steel design and 
guided poppet is said to have non- 


continued, page 112 
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How Curtis helped 
a design engineer 


“BEAT THE HEAT” 


This single universal joint in a 
ribbon-stripping machine was op- 
erated at a 34° angle. The joint 
heated up, wear was excessive. 
(Curtis Joints have been tested at 
angles up to 37°, but we do not 
ordinarily recommend angles great- 
er than 30°.) 
’ 


Curtis engineers recommended a 
double Curtis joint, which reduced 
the angle to 17° per joint. Result: 
no overheating, improved efficien- 
cy, longer life. 

You can depend on Curtis en- 
gineering in any problem of angu- 
lar power transmission. And you 
can depend on 


CURTIS UNIVERSAL JOINTS 


because our catalog torque and 
load ratings are substantiated by 
constant tests under production 
conditions. 


14 SIZES ALWAYS IN STOCK — 
Ye” to 4” O.D. (6” joints on special order) 


Not sold through distributors. Write direct 
for free engineering data and price list. 


¢CURTIS 
MARK 


UNIVERSAL JOINT CO., INC. 
1111 Birnie Avenue, Springfield, Mass. 
As near fo you as your telephone 
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New Hydraulic Motor Design 
Provides High Torque at Low Speeds 


Heavy duty radial and 
axial bearings 


orbiting gear 
torque generator 


-” 


Leeann 


commutator 
valve 


drive coupling 


high pressure 4 So 


shaft seal 





100% OF MAXIMUM 


EFFICIENCY 
— Chor-Lyne ORBIT MOTOR 


ORBIT MOTORS... 


DELIVER MORE TORQUE PER LB 
and AT LESS COST 

















The Orbit principal utilizes an internal gear mecha- Hi H : 
nism to act both as a fluid displacement motor and a gh efficiency on complete operational range 


gear reducer. The outer segment is a stationary part @ Speeds from 0 to 800 rpm 
of the motor housing and has internal gear teeth ‘ 
which mesh with corresponding teeth on a smaller @ Torques to 3300 inch Ibs. 
gear or rotor which rolls inside the outer gear, turning @ Starting torque substantially equal to run- 
about an eccentric axis in an ORBIT. ning torque 

The rotor gear rolls through six complete orbits . . . ° 
during each single rotation of the output shaft. Thus Full reversible — instant starting, stopping 
an effective speed reduction of 6-to-1 is obtained. The Only 3 moving parts 
use of seven fluid chambers with the inherent 6-to-1 4 types of mountings available 


ratio provides 42 fluid power cycles per shaft rota- : : 
tion, adistinct advantage in obtaining smooth rotation. 3 port sizes, 7 power element selections 


As it rotates, the rotor gear causes a continuous Compact, light weight 
opening and closing of the spaces between the teeth. —_ . 
Half of these spaces are subjected to fluid pressure Eliminates costly and complicated power 
and the opposed half is connected to the return transmissions 
section of the motor. @ High volumetric and overall efficiency 
The rotary commutator valve distributes the fluid , ; 
so that the pressured space rotates in phase with the For Complete Details Write 
rotor gear, thus causing continuous rotation. Motion CHAR-LYNN COMPANY, DEPT. H. M. 


of the rotor gear is transmitted to the output shaft 2843-26th Avenue South © Minneapolis, Minnesota 
by a coupling which has crowned involute splines to ’ 


match the bores of the output shaft and the rotor gear. 
The high pressure shaft allows ORBIT MOTORS as ha 
to be operated “‘in series’ without external drain lines. yee HT | 
HYDRAULIC HORSEPOWER 
PRODUCTS 
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RUSSELL, BURDSALL & WARD BOLT AND 


NUT COMPANY 





Technical-ities 
by Fred E. Graves 


A word about 
bolt load levels 


If you tighten a bolt beyond its 
proportional limit it deforms 
plastically. Materials’ engi- 
neers call the stress where this 
permanent set is measurable 
the bolt’s yield strength. 


NO HARM IN OVERTIGHTENING 


You can tighten up to yield 
strength—and even beyond. 
Where permanent connections 
are made this is recommended. 


Naturally, pitch of the ex- 
ternal threads increases as a 
screw stretches. Conversely, 
because a nut undergoes com- 
pression the pitch of its in- 
ternal threads decreases. 


This results in a cumulative 
off-lead condition. In most in- 
stances, it’s not practical to 
re-use a bolt stressed beyond 
its elastic limit. 

For the usual type of solid 
joints, the recommended stress 
level for SAE Grade 2 fasten- 
ers is 40,000 psi; for Grade 5 
(high strength), it’s 60,000 psi. 
While below yield strength, 
these levels provide high bolt 
preload—good assurance 
against loosening and fatigue. 


Always specify that the as- 
sembler torque a bolt or screw 
to the recommended level. It’s 
the usable ‘muscle’ you pay for 
in fasteners. If you don’t use 
it, chances are somebody’s 
money is being wasted. Equally 
important, the joint isn’t as 
strong as it could be. 











How to keep a nut in its place 


| By arte nuts are used to develop 
clamping force on a vital joint 
... or, to restrict ‘end play’ of mov- 
able members. 

Self-locking action can be 
achieved by: 1) increasing thread 
friction, or 2) an anchoring me- 
chanism. Examples: 


PREV AILING-TORQUE LOCKING 


1. Morlok® nut. Crown is processed 
to change phase of last thread. 
Hence the Morlock nut screws on 
easily until its last thread engages; 
then more on-torque must be used. 
Off-torque is correspondingly high. 
It locks anywhere on the screw. 

2. Two-way locknut. Depressions 
staked in two opposite faces deform 
center thread slightly for self-lock- 
ing action. Double-chamfered, it 
goes on from either end, speeding 
assembly. 


3. Delrin* locknut. This metal-like 
plastic locknut forms its own 
threads. Available for light duty in 
#10 and 1/4” sizes, it has holding 
strength of 400-700 pounds, prevail- 
ing torque of 7-15 in-lbs, stripping 
torque of 15-25 in-lbs, depending on 
size. They’re reusable. 
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HIGH THREAD TENSION LOCKING 


4. Tensilock® nut. Carburized 
teeth bite into bearing surface, re- 
sist counter-clockwise rotation. 
Combining clamping with anchor- 
ing action, it requires 25% more 
off-torque than on-torque to loosen. 
5. Marsden® nut. When torqued 
snug, slotted sides of this nut draw 
inward against screw’s threads, 
thus creating a frictional ‘bind.’ 
Nut is capable of high clamping 
force too. 


6. Heavy hex nut. Engineers often 
overlook locking action inherent in 
this nut. Used with high-strength 
screws, it develops high thread ten- 
sion and a corresponding high fric- 
tion on thread ‘flanks. This not only 
means a stronger joint, but one 
that won’t shake loose. 

These and other lock nuts are 
manufactured by RB&W. Write for 
specific recommendations on your 
design problem. Russell, Burdsall 
& Ward Bolt and Nut Co., Port 
Chester, N. Y. 


*Du Pont trademork. 


Plants at: Port Chester, N. Y.; Coraopolis, Pa.; Rock 
Falls, tll.; les Angeles, Calif. Additional sales 
offices at: Ardmore (Philc.), Pa.; Pittsburgh; Detroit; 
Chicago; Dalles; Son Francisco. 
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Your turn 


..to participate in the current problems of our profession. 


Sandwich beams bring a “built-in” problem—what’s the best combination of 
facing, core thickness and core shear-moduli? 

E. J. Okragleski, body stress analyst of the Chrysler Corp at Highland Park, 
Mich has devised what he calls an “engineering tool” for the above type of 
problem—all you need is a simple formula and four alignment charts. 





Do a quick test run-through of a sam- 
ple problem: A simple beam with alumi- 
num facings has f = 0.010 in., c = 2.0 
in., L = 20.0 in., P (midspan) = 50 lb, 
b = 4.0 in. 


First, find the total midspan deflection 
when the core shear-modulus is 9800 psi. 
From charts 1 and 2, A; = 0.037; from 
charts 3 and 4 A, = 0.11. Total de- 
flection, then, is 

Y = 0.37 + 0.011 = 0.012 in. 
4 

Chart 1 indicates that flexural rigidity 
will be affected most by varying c. So 
in Chart 4, after finding points A and B, 
lay two straightedges through the points 
and manipulate the straightedges to study 

Midspan the effect of varying core modulus », on 

loading deflection A,. This gives you quick vis- 

At + dc ual aid in selecting the core material. The 
be b D scales in charts 1 and 2 are based on 
Poisson’s ratio and the elastic moduli for 
stainless steel and aluminum. 














P/2 P/2 


; _t 
+t be 4-span 


loading 





see charts, next page 
Y= 0688 A; +05 Ac 
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t t 


Uniform load 
P = total load 


Y 20625 Af + 05 Ac 
b 
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YOUR TURN continued 


Here is the last lesson in our brief review of ordinary differential equations. 
Robert P Benedict, who first prepared this series for fellow engineers at the 
Westinghouse steam division in Lester, Pennsylvania, will now relinquish his 
temporary professorship to another instructor and another mathematical topic 
beginning next issue. 

In this final lesson, we are going to examine two more special differential equa- 
tions that have elementary solutions. But first, let’s look back over the path 
we've been traveling. In the first lesson we outlined the features that classify differ- 
ential equations: order, degree, linearity and homogeneity. Then, in subsequent 
lessons, we tackled first-order, linear equations of various kinds, and higher-order, 
linear equations. Last issue, we looked at two special equations, the Euler-Cauchy 
and Bernoulli. The two additional ones described below bring the total to nine. 
Memorize each of the nine general forms, and learn to recognize them. The 
time and misery they save by offering an easy, orderly solution, will amply repay 
the effort. 

The Riccati equation, like the Bernoulli, is a special nonlinear, first-order, non- 
homogeneous, first-degree differential equation. Its general form is 

dy 


a F,(z) + Fi(z)y + Fi(z)y¥ 


This can be reduced to a linear differential equation. But to do it, you must 
first express the dependent variable in terms of a known particular solution, y; 
and an unknown function (z) of the independent variable. Thus 





y=nt+ 


2x" 1 
Pore ts 


Substituting these in the original equation gives 





wn’ — 5 = Fila) + Filey + Fa(a)yt + 7H) 4 Aan 4 Fate) 


But, because y, is a particular solution, it satisfies the original equation and 
all the boldface terms in this auxiliary equation can be divided out, leaving only 
2’ + F,(z)z + 2F3(z) ye = —F;(z) 
which is a linear equation and therefore has a general solution of the type given 
for first-order nonhomogeneous equations as described in a previous lesson. 

Example: The equation 
y —-ryY+24*-1=0 
can be written in the form of the Riccati equation by assuming that the F2(x) y 
term is zero 
y¥ =(1-2)+Oy+2¥ 
Choosing the particular solution y; = x, and with z = 1/(y — );), convert the 
equation to the form derived above. This substitution gives 
2+ 282 =—-2* 
Then, solving this according to the method for a first-order homogeneous equation 


z—e-F {[—fe* a:dz+c] 
and substituting z = 1/(y — y,) gives the solution as 
er 
ibe [ et wdz+e 
Another special solution can be used for first order, homogeneous differential 
equations of any degree, linear or nonlinear. The general form is 
F,(z,y)dz + F:(z,y)dy = 0 
where functions F; and F2 are both of the same degree. Because the degree of 
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YOUR TURN continued 





these functions is the same, this special equation can always be written in the form 


d y 
a7 (4) 

Substituting y/x = v and dy = vdx + xdv, changes the equation to 
dz dy 


z Fo-o 
which can be integrated to obtain the solution. 
Example: The equation 

(2 — zy)y’ +¥ =0 

is seen to be of the form of the general equation where F,(x,y) = y* and F2(x,y) 
= x* — xy. Substituting y = xv, y? = x? v’, and dy = vdx + xdv gives 

dz _ w—1)d 

z v 


The general solution in terms of x and v is: Inz = » —-Inv +¢ 
or, in terms of x and y: ny=2 +e 


Now you try 
Try your hand at these two special equations. Answers are on p 136. 


1. “= o=—7? 


dz z+y 
2. y= (22 — x) + ¥ (substitute y= 2°) 


* * . 
Estimating sheet-metal blank-sizes for various circular shapes is not, normally, 
a design engineer’s job. But sometimes it can be important to have this informa- 


tion in the early stages of a design—before it gets to the tool engineer. So to save 
your time, Your Turn has tabulated some handy formulas for .. . 


-+. areas and blank diameters of circular shapes. 





Shape Area,A Blank Diameter 


Cone 4, 
sLZN} a= Za fe airs Fat D= /4/d%+4n?=/2dF 





Frustrum aN A; A=Hid+d)/d-aheant D=Vid + d)v/d-4,)% 4H? 
£43! =Zf(d+d) /2t(d+4)) 


h 
Sphere ) Ace? D=2d 


Half-sphere «dq 
pher d asZo ped 


‘ 


Sopot Hr, A=wdh=a(r2¢r?) D=2Vah=2v2+h? 

















Spherical +27 A=rdh D=2v6h 


ws fae ui eran hele? 22a tt +(r%1?- YP 
Concave °T 

— >» A= 5 (rdr+4r*) D=/2wdr + 8r? 
(quarter) bn My 


Convex ~--d -= 
ring a7 ‘h A= $(xrd-4r*) D=,/2nrd-8r 
Concave 


ring ca? A= * [(d-2r)f+2rh] D=2,Ad-2r)f+2rh 


























C 
rag WA | + [id +2evt-2en] p=2, fae2rit-2rh 





PRODUCT ENGINEERING + NOVEMBER 27, 1961 








How To Build An Air Valve 
That Beats Friction and Coil Heat 


PILOT 
PRESS. 


ENLARGED SECTION OF PILOT CARTRIDGE 


To Achieve Endurance, 

a Breakthrough in Speed 

Generally, the most unpredictable fac- 
tor in solenoid valve life is the solenoid 
coil itself, and yet, a solenoid can be 
made to last practically forever if the 
coil can be kept from overheating. Coil 
heat is generated by long plunger travel 
and accelerated by erratic drag (fric- 
tion) during that travel. Achieve a 
short, quick, sure plunger stroke and 
the coil will last indefinitely. There- 
fore, the life of a solenoid pilot air 
valve is directly related to speed of 
operation. To achieve operating speed, 
friction in the pilot section and sole- 
noid plunger travel must be reduced to 
a minimum. Solve these problems and 
you get air control reliability that 
seems to have no limit. 


The Call-Outs Tell the 

Story of Endurance 

To control the major source of coil 
burnout, coil heating, the stroke of the 
solenoid plunger must be reduced to 
a minimum. The short stroke fractions 
the time the coil is energized; heat gen- 
eration drops and response time of the 
valve is stepped up. In the “Mach 2” 
the stroke has been reduced to 3/32 — 
about the thickness of a nickel. Fur- 
thermore, the friction problem must be 
solved, to avoid any unpredictable drag. 
In the “Mach 2” this has been done 
by use of a pilot cartridge enclosing a 
free-moving ball that seats on *“*O” 
rings at both ends of the cartridge [see 
above]. The ball moves freely, in- 
dependent of the seals. There is no 
“O” ring drag on the pilot piunger as 


it requires no seals. When there is no 
friction there is no wear. Similarly, the 
main valve seats seal on “O” rings. In 
the sealed position, metal shoulders 
také the shock in such a way that the 
“O” ring seal is merely kissed by the 
main valve seat [see (5) below ]. As 
the rings are only minutely flexed they 
do not fatigue or lose their resilience. 


What about Cycling Speed? 

Short solenoid plunger stroke and 
elimination of friction make extremely 
fast cycling feasible. After exhaustive 
testing in the laboratory and on indus- 
trial applications for over six years the 
“Mach 2” is rated at 1000 cycles per 
minute continuous duty. Cycling speeds 
as high as 2100 have been successfully 
reached for intermittent periods of 


twenty minutes. During a two-hour 
test at a sustained speed of over 1500 
cycles per minute the coil temperature 
stabilized at 7°C below the maximum 
code limit for Class A coils. 


100-Million-Cycle Guarantee 

on Solenoid Coils 

The design advances incorporated in 
the CRESCENT® “Mach 2” Air Valve 
are a significant breakthrough in both 
cycling speed and operating dependa- 
bility. Put CRESCENT® “Mach 2’s” 
(44- to %-inch pipe sizes) on your 
“valve killer” jobs and see how free- 
dom from coil burnout helps to cut 
operating costs. Write for an advance 
copy of the new CRESCENT® “Mach 
2” catalog to Barksdale Valves, 5125 
Alcoa Avenue, Los Angeles 58, Calif. 





(1)EXTREMELY SHORT (3/32) 
SOLENOID STROKE PREVENTS 
OVERHEATING OF COIL 


(2)CONTINUOUS DUTY COIL 
GUARANTEED FOR 100,000,000 
CYCLES 


(3) FREE-MOVING 


(NO “O"’ RING DRAG) 


(4) FAST CYCLING (RATED 
FOR 1000 CYCLES PER 
MIN. CONTINUOUS DUTY 
BECAUSE OF (1) AND (3) 


(5) METAL SHOULDERS STOP MAIN POPPETS 
BEFORE SEALS CAN BE DEFORMED — 
SEALS STAY LIVE AND RETAIN 
SEALING QUALITY 





(6) TO SAVE INSTALLATION 
COST THREADED CONDUIT 
CONNECTION ROTATES 
THRU 360° 


ibbbah 


(7)CAPTIVE COVER CLAMPS AND BODY 
SCREWS TO SIMPLIFY SERVICE 


(8) SUB-BASE FOR EASY 
MAINTENANCE — UNSCREW 
FOUR CAPTIVE BOLTS TO 
RELEASE ENTIRE VALVE — 
WITHOUT DISTURBING 
PLUMBING 
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extrudable seal that cannot be washed 
loose by fluid stream. Designed for 
operating pressures to 5000 psi and 
available in “% to 1-% in. sizes. 
| Cracking pressures adjustable from 
| 50 to 150 psi. Meets JIC specs. Mana- 
| trol Corp, 2372 W 7th St, Cleveland 
| 13, Ohio. 


This new | Circle 319 on Reader Service Card 
Nicholson Catalog | 
has the answer! 


Send for sl 
YOUR copy inane i Straight-flow diaphragm valve . . . 


will handle gases, liquids, vacuums 
and slurries up to 180 F and to 150 
psig, depending on size and choice 
of materials. Valve design is based 
on a metal wedge plug, to which rub- 
ber and fabric diaphragm is molded. 
Opening valve raises plug, which pro- 


a intermittent-action mechanical traps . . . how 
they function . . . where they’re used . . . what they’re made 
of... why their exclusive Nicholson features mean longer ‘Phd : 

, , , ‘ , vides variable throttling in semi-ven- 
service life, more efficient, economical trapping. Catalog 500 aah athe Cait alien ends renee 
gives you that information . . . in factual, easy to read style from % to & in. dia. in stainless. car- 

. with sectional illustrations . . . dimensional diagrams . . . bon steel. aluminum. bronze, and with 
capacity tables . .. plus, a section showing how to determine or without glass, rubber or other 
the right trap size for your needs. It describes: special linings. Diaphragms can be 


WEIGHT OPERATED TRAPS for gas, gasoline, air or steam cares & 5 ee eee 


service. pressures f t mheric to 1500 i other compounds. Ohio Rubber Co— 
Ss ce, pressures from atmospheric to 1! pounds. Cryogenics Corp, Willoughby, Ohio. 


PISTON OPERATED TRAPS for steam applications where Circle 320 on Reader Service Card 
tremendous trap capacity is required. 

INTERFACE TRAPS for applications where a liquid of heavy 

specific gravity must be separated from a lighter liquid. 


Send coupon for your copy. 


W. H. Nicholson and Co., 12 Oregon St., Wilkes-Barre, Pa. 
Please send Catalog 500 “Mechanical Traps for Steam, Air, Gas.” 


Name 
Title 








Company 





Close-mounting lamp assembly. . . 
consists of thermal strips and Jamp 
ee a sockets with integral standoffs that 
can be grouped on horizontal and 
vertical centers as close as % in. 
Lamps are miniature flange-base neon 


W.H. NICHOLSON and COMPANY or incandescent types, available in 
s os 


twelve lens colors, transparent or 


Street 








12 Oregon Street - Wilkes-Barre, Pa. continued, page 116 
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STRENGTH 


... Bonds “strong as a bull 


Whatever materials you’re bonding (to the 
same or to another material), a SCOTCH- 
WELD Brand Structural Adhesive bond 
will give you a bonus of structural strength 
at the joint, with the flexibility to resist 
vibrational fatigue. SCOTCH-WELD adhesive 
bonds distribute stress loads uniformly, 
and protect the strength and integrity of 
the materials by eliminating fastening 
holes, maintaining the finish, and sealing 
joints against corrosion. 

Fatigue tests show that metal-to-metal 
joints in Convair’s 880 jet transports and 
Air Force F-102A jet interceptors, bonded 
with SCOTCH-WELD adhesives, will outlast 
the metal structure they bond together! 
In industry, too, SCOTCH-WELD adhesives 
are finding use in joining hermetically 
sealed metal shipping containers, multiple 
piece castings and thinner gauge metals, 
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Sculpture created especially for 3M Company by Guy Palazzola 


rhinoceros” made with SCOTCH-WELD® 


Brand Structural Adhesives 


where tear strength would limit the effec- 
tiveness of other joining methods. 


Look first to 3M! A pioneer in adhesive 
research, 3M has developed the widest line 
of adhesives in the industry. These Tech- 
nical Service facilities are at your disposal. 
For an accurate appraisal of how an ad- 
hesive can add strength, light weight, 
production economy, and greater design 
freedom to your process or product, call 
your nearest 3M Field Engineer or write to: 
AC&S Division, 3M Company, Depart- 
ment SBS-111, St. Paul 6, Minnesota. 


“SCOTCH-WELD” is a Reg. T.M. of 3M Co iM Co., 1961 








What do you want to bond to what? 
The 3M Rhino is fabricated of these 
materials and bonded with SCOTCH 
WELD Brand Structural Adhesives 

1. Wood 2. Aluminum 3. Glass 4. Ceramic 
5. Plastic 6. Permanent Magnet ). Brass 





ADHESIVES, COATINGS AND SEALERS DIVISION 


Es 
TMiienesora J/finine ann lanuracrurine company 4 
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... WHERE RESEARCH IS THE KEY TO TOMORROW ‘SS 


CIRCLE 113 ON READER SERVICE CARD 




















“Bob, the computer analysis 


says we should buy those parts 
instead of making them” 


NEW CAPITAL INVESTMENT PROGRAM 


Here’s a new IBM computer program that’s yours for the 
asking. Using the Investors Method (Rate of Return on 
Investment), it helps you evaluate—quickly, economically, 
uniformly—alternate proposals for spending your com- 
pany’s money. 

The program will help you solve problems like these: 
should you buy a new piece of equipment or keep the old 
one in repair; should you increase your manufacturing 
facilities; should you buy or make certain products; how 
should you spend your money for research to make the 
most profit? 

These are only a few of the problems that the Capital 
Investment Program handles. All it takes is the Program 
and an IBM computer that accepts FORTRAN programming 
language. The low cost IBM 1620 Data Processing System 
is one such computer. 

The new Capital Investment Program is another of the 
many problem solving programs IBM offers you to help 
make your data processing system a more effective and 
more profitable tool for managing your business. 

Your local IBM Representative can give you complete 
details on this, as well as previously announced programs, 
which included Sales Forecasting, Materials Planning, In- 
ventory Management, Plant Scheduling, Work Dispatch- 
ing, Operations Evaluation, Inventory Management Simu- 
lation, and many others. 


® 
DATA PROCESSING 
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78 pump 


Ay te 


DESIGN 
TRENDS 


ARTHUR A. NICHOLS 


SPECIAL PURPOSE PUMPS 
FOR SPECIAL PROBLEMS 


» In over thirty years experience in 
the design and manufacture of special 
pumps, we have solved numerous 
pumping problems where the design 
and production of a suitable pump was 
considered almost impossible, either 
because of the material to be pumped, 
or because of the precise manufacture 
necessary to obtain satisfactory per- 
formance. 


» Nichols pumps are standard for ex- 
ample, in the synthetic fibre industry 
for pumping rayon, acetate, celanese, 
nylon and other fibres spun in synthetic 
fibre plants throughout the world. 

» Some interesting new applications 
for Gerotor pumps have been de- 
veloped in recent times involving spe- 
cialized problems in hydraulic servo 
systems. 

» Important advantages are offered by 
the Gerotor pump for servo control 
applications. It is a positive displace- 
ment pump and provides a smooth 
power flow from one end of the pump- 
ing cycle to the other. Unlike other 
types of pumps which tend to quit work 
at the low end of the speed range, 
Gerotors stay right on the job and 
provide positive power to the extremely 
low range. Thus, they are exception- 
ally responsive in servo systems. 


» For electronic equipment operating 
at high altitudes, air cooling of high in- 
put components becomes troublesome 
because lower air density limits cooling 
fan efficiency. Liquid cooling systems 
are therefore frequently preferred for 
this type of service. Our extensive ex- 
perience over the years in the produc- 
tion of high performance aircraft 
engine pumps has been of great value 
in developing electronic coolant circu- 
lators that provide maximum weight 
and space savings with efficient heat 
transfer capabilities. 


» Special pumps have been designed 
and manufactured for applications as 
varied as metering pumps in vending 
machines and conveying molten solder 
in production equipment. This long 
and varied experience in industry-wide 
pumping applications, combined with 
years of specialized development and 
production of pumps for the aircraft 
engine, super-charger, missile, heli- 
copter and electronic field is available 
to today’s designer faced with new and 
unusual pumping applications and 
problems. 


» Technical data is available and your 
inquiry is invited. Write: 





W.H. NICHOLS CO. | 


Makers of Zenith Metering Pumps 
and the Nichols Milling Machine 
“the miller that uses its head’’. 


48 WOERD AVE., WALTHAM 54, MASS. | 


NEW COMPONENTS 





translucent, flat top or an optional 
water-tight (on panel side) design. 
rinned terminals accept series 78 taper 
tab receptacles or soldering. Back 
panel projection is approx 1 in. Tee- 
lite Div, Transistor Electronics Corp, 
3357 Republic Ave, Minneapolis 26, 
Minn. 
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Weld nuts... 
that are said not to require retapping 
are available in two configurations: 
Model SL has self-locating pilot and 
is designed for single spotweld at one 
end, with threads at opposite end of 
nut. Model S2 requires double spot 
weld and has threads located in center. 
Both styles are made in low carbon 
steel, are available from stock in all 
standard sizes. Grip Nut Co, Sub Heli- 
Coil Corp, S Whitly, Ind. 

CIRCLE 322 ON READER SERVICE CARD 


Subminiature limit stops. . . 
are made in BUORD sizes 5 and 8 
designed for 0-10 turns and 0-40 turns, 
respectively. Mounting plates are of 
BUORD servo type and are made of 
stainless. Shafts are hardened and 
ground, traveling nuts are phosphor 
bronze. Torque rating on size 5 is 
50 in.-oz; on size 8, 160 in.-oz. North- 
field Precision Instrument Corp, Island 
Park, NY 
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Variable foot switch .. . 

has two unit switches, one with nor- 
mally open and the other with nor- 
mally closed contact arrangement. 
Adjustable steel lever assembly can be 
set to provide simultaneous or sequen- 
tial operation, or differential tripping 
for second stage operation. Light, me- 
dium or heavy second stage feel 
springs are available that help opera- 


tor to sense differential between first 
and second stage actuation. These 
springs can be changed in service. A 
treadle latch is also obtainable that 
converts foot switch from spring re- 
turn to maintain contact. Enclosures 
are NEMA 4 watertight, but NEMA 7 
and 9 enclosures are also available. 
Plain, treadle guard and treadle shield 
covers can be specified for various 
degrees of protection from accidental 
actuation. Cutler-Hammer, 318 N 
12th St, Milwaukee 1. 
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Booster cylinders . . . 
for hydraulic systems operate with 
normal shop air pressures. Two series 
are available, with capacities of 150 
psi air; or 5000 psi hydraulic. Bore 
sizes of these cylinders range from 
1-% to 14 in. Milwaukee Cylinder 
Co, Cudahy, Wis. 
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AC multi-pole latch relays .. . 
are for machine tool and other con- 
trol applications where circuits must 
function independently of circuit or 
power failure. Also recommended 
where noise caused by normal ac hum 
or vibration is not permissible. Avail- 
able with 2, 3,4 or 6 normally open or 
normally closed unit poles. Obtainable 
with standard coils to 220 v, 60 cps 
ac. Ward Leonard Electric Co, Mt 
Vernon, NY. 
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Counter assembly .. . 
has digits 0.420 in. high arranged on 
drums 1-7/16 in. dia and is reversible. 
Drums and pinions are nylon, shafts 
are stainless, in nickel silver frame. 
Available with oilite or ball bearings. 
Designed for direct readout applica- 
tions replacing pointer dials. Haydon 
Instrument Co, 17 Brown St, Water- 
bury 20, Conn. 
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LindeNews 


LINDE COMPANY, DIVISION OF UNION CARBIDE CORPORATION 





Long wear for precision cutting parts now 


comes in thin coatings —.001” thick 


‘ 


i 


= ——s 


|S 


Two important industrial cutting tools whose working lives have been multiplied by LINDE 
Flame-Plating tungsten carbide coatings: Rubber skiving knives (l.) and paper drills. 


SUPER-THIN coatings of tungsten car- 
bide and aluminum oxide—in the .00075” 
to .002” range of thickness—now keep 
many industrial cutting surfaces on the 
job many times longer than previously, 
yet preserve the precision fit needed for 
optimum cutting. The result: important 
savings in downtime and operating costs. 

These tough, long-life precision coat- 
ings are applied by LINDE’s Flame- 
Plating process, which “blasts” molten 
particles of tungsten carbide onto spec- 
ified areas of wearing surfaces until the 
particles are built up to the desired de- 
gree of thickness. 


Typical examples of longer wear 


Because their cutting surfaces are 
Flame-Plated with tungsten carbide 
coating, rubber skiving knives that for- 
merly required resharpening after every 
shift now stay in use 15 times longer. 
The knives also have the advantage of a 
self-sharpening effect. As the softer steel 
base wears more rapidly than the hard, 
tungsten carbide coating, a sharp edge 
is always presented to the material 
being cut. 

Tungsten carbide coating enables 
serrated knives used in cutting plastic 
sheeting to process three times as much 


has reduced their rate of wear by as 
much as 33 percent. 

Flame-Plating proved so revolution- 
ary for household cutlery that the man- 
ufacturer built his merchandising theme 
around “The Greatest Development in 
2000 Years of Cutlery Making—a Cut- 
ting Edge of Tungsten Carbide.” 


Solves many wear problems 


Tungsten carbide coatings of micro- 
inches thickness are equally effective 
wherever metal parts or working sur- 
faces are exposed to abrasion, galling, 
erosion, fretting, corrosion, or high- 
temperature wear. Coatings are applied 
by the LINDE’s 6,000-degree Flame-Plat- 
ing process without distortion of the 
work piece or changes in properties of 
base metals. 

For full information on Flame-Plat- 
ing for your particular application, 
check and mail the coupon below. 





Need to production-polish 
tungsten carbide surfaces? 


It’s easy with LINDE metallographic pro- 
duction-polishing aluminas — available 
in grades for three types of finishing: 
For high stock removal, 1 micron C; 
for moderate stock removal and % rms 
finish, 0.3 micron A; for super polish, 
0.05 micron B. 

LINDE has developed special tech- 
niques for production-polishing of 
semiconductors and soft metals (such 
as brass), also new ideas for production- 
polishing hard metals, including mi- 
crometer anvils, hardened bearing races, 
routine metallographic samples. Get 
help with polishing techniques to meet 
your requirements. Send coupon below. 


Jet planes landed by ruby- 
against-sapphire wear pads 


In the automatic landing computer of a 
modern jet interceptor, a tiny ruby ball 
held to tolerances of 30 millionths os- 
cillates against a synthetic sapphire plate 
flat to 1/10 light band, as a reference 
plate for a computer to translate radar 
approach signals into hydraulic actions. 


Approximate size: Ruby ball, sapphire plates. 
A similar wear surface bears on the cam 
head. Certain fly wheel governors also 
have sapphire wear surfaces. 

This 70,000 to 300,000 psi LINDE 
material has a hardness second only to 
diamond, unlubricated static friction 
coefficient of .18, and dynamic of .08 
against itself in moderate loads. It is 
economically suited for wear applica- 
tions such as gage points, textile guides, 
optical inspection flats, and flow valves. 
Send coupon for information. 


CHECK—CLIP COUPON—ATTACH TO BUSINESS LETTERHEAD 


Linde Company 
270 Park Avenue 
New York 17, N. Y. 


Please send data on the items checked: 


[] LINDE Flame-Plating Process 


UNION 
CARBIDE 


LINDE 


COMPANY 


“Linde” and “Union Carbide” are registered 
trademarks of Union Carbide Corporation 


material before the first re-sharpening 
is necessary. 

A coating of .001” thickness on the 
inside cutting surface of surgical shears 


() LINDE Alumina Abrasive Powders 
[) LINDE Synthetic Sapphire & Ruby 
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Get your lead out 
and test new 


OLAS 

















Sl 


Transparentized Tracing Paper by OZALID 
with a tough, non-fracturing surface that gets 
clear-as-a-bell prints. 


Get your pen out, too! Contact your 
Ozalid man for samples and see for your- 
self how well this new Ozalid tracing vel- 
lum takes the lead and ink... how well it 
reproduces even when abused. Crease it 
... Make multiple erasures .. . then go 
ahead—crumple it in a ball. Flatten it 
out and make a reproduction from this 
much-abused OZACLEAR. Now try the 


same thing on your present tracing 
sheet. Clear-as-a-bell OZACLEAR gives 
high repro speed, excellent contrast, fine 
clear-as-a-bell prints. A new companion 
product to Ozalid Ozatrace® vellum and 
Duratrace® drafting film. For more in- 
formation, samples, write: OZALID, Dept. 
208, Johnson City, N. Y. In Canada: 
Hughes-Owens Co., Ltd., Montreal. 


OZALID 


WE REPEAT 


OZALID 


DIVISION OF GENERAL ANILINE & FILM CORPORATION 
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AUTOMATICALLY A BETTER MERCURY SWITCH ~~ 


Fully automatic production is the key to better glass tube mercury switches. You can be sure 
of uniformity in dimension, mercury content and assembly of all parts when manufacture is 
under exacting automatic control. Mercury switches are ideal monitors for control of inductive 
and resistive electrical loads where requirements are long life and high electrical capacity. Since 
mercury switches are hermetically sealed, contacts can. never become contaminated. They are 
available potted in resilient and protective material for applications where the going is rough. 

For engineering service and assistance in application and selection of mercury or snap-action 
switches, contact a MICRO SWITCH branch office, listed in the Yellow Pages. Or write for Catalog 90. 


MICRO SWITCH, FREEPORT, ILLINOIS 


A division of Honeywell Honeywell 


In Canada: Honeywell Controls, Limited, Toronto 17, Ont. MICRO SWITCH Precision Switches 
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WILBOW precision 4 NEW MATERIALS 


Low-density silicone foam . . . 


seals improve power is supplied as low-viscosity fluid, ad- 


dition of catalyst producing foam. 


cylinder action ¥ Sevenfold increase in volume is said 


to be completed in 4-5 min. at room 
temperature. Foam has 10% closed 
Chock anot cell structure and density of 10 Ib/cu 
commene by ft. Serviceable from —70 to 500 F. 
provide Dow Corning Corp, Midland, Mich. 
effective CIRCLE 328 ON READER SERVICE CARD 


cushioning of 
HANNA- 
POWR®* 
AIR Cylinders. ‘ 
Vacuum-deposited metal films .. . 
of a few millionths of an inch in thick- 
Each cushion valve in The Hanna POWRMATION®* Cylinder ness and controlled within +5%, can 
shown above has been precision engineered and manufactured i . allic : — 
to stop heavy and fast moving loads without severe impact or be applied to metallic, glass, plastic or 
bounce. Seals conform to high standards including excellent ceramic surfaces. Gold, copper, chro- 
uniformity and long life—thanks to the special properties of mium and many other metals, as well 
the synthetic materials used and the manufacturing experience as thele aller be d ited 
of WILBOW in producing custom rubber parts. as thew alloys, Can 0S Gpenwe Of 
WILBOW specializes in the manufacture of precision mechan- areas up to 48 x 48 in. Evaporated 
SEND FOR ical rubber parts to meet the most rigid performance require- Coatings, Inc, Huntingdon Valley, 
COMPLETE ments. A full range of the newer synthetics, natural or silicone Penna. 


polymers plus the broadest production versatility . . . including 
WHBOW CATALOO molding, lathe cutting, extruding or punching . . . is at your CIRCLE 329 ON READER SERVICE CARD 


service. Why not check your needs with WILBOW? 
*HANNA-POWR and POWRMATION are registered trademarks of 
Hanna Engineering Works, Chicago, Ill. Adhesive film 


The WILLIAMS-BOWMAN RUBBER CO. | Provises bonds of 1000-1500 psi, te- 


ar ad ‘ 

1985 South 54th Avenue ¢ Cicero 50, Illinois ¢ (Chicago Suburb) a gegen, ae of 
Mfrs. of molded, punched, extruded and cut rubber goods. Specialists in pro- 150-200 F for 5-10 sec with standard 
ducing rubber covered rolls, silicone rubber parts and bonding rubber to metal squeeze-roll pressures. Will withstand 


$$  —— ____. . o— temperatures from —60 F to 150 F, 
with intermittent exposures to 200 F. 


| IF You NEED A MINIATURE VALVE Resists shock, moisture, solvent vapors, 


moderate oil and solvent exposure. 


You NEED : Girder Process Inc, 102 PT Hobart 
rar Nos vide eS. St, Hackensack, NJ 


T Ul cat t | * re) CIRCLE 330 ON READER SERVICE CARD 
*. . J 
and U Electrohydraulic forming . . . 
system performs metalworking opera- 


NO MAINTENANCE AFTER MILLIONS OF OPERATIONS tions now done on heavy press equip- 


ment. Recommended for forming 
metals difficult to work by conven- 
Instantaneous Re- ‘ tional means because of work harden- 
sponse with no Inter- , ing or other such problems. Can make 
— gy at hens shapes difficult or impossible to 
aie @ Gamceiied achieve by conventional methods. 
Force Permits use of plastic or wooden dies, 
Dimensions: as small ; on which quick, experimental modi- 
aw tes er s | fications can be made. Consists of a 
ae oe ae wee z e ; | bank of low-inductance energy-storing 


oz. 
d i rol system, d-c power 
For Pressure or Vacu- capacitors, control sy ? po 


um Service The Micro Valve is offered in hundreds of varia- supply. Westinghouse Electric Corp, 
tions. The two shown above feature male pipe PO Box 2099, Pittsburgh 30. 
connections which rotate on the body permit- CIRCLE 331 ON READER SERVICE CARD 


ting installation without the added expense of 


, ¢ - unions. 
NS ae Monel metal powder parts. . . 


oon, Benne with nominal composition of 67 
Information . ° 
Write For nickel, 30 copper, bal of iron, man- 
BOX 556 TULSA, | Suletin MV-459 ganese and silicon, average 30,000 psi 
WHOLLY OWNED 








SUBSIDIARY OF ; ~ 
NATIONAL TANK COMPANY continued, page 127 
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BEARING 


One in a series of technical reports by Bower 





TESTING PUTS THE HEAT ON—HELPS 
BEARINGS BEHAVE IN EXTREME ENVIRONMENTS 


In industry today, bearing operating con- 
ditions are becoming increasingly severe. 
To conquer difficult environments, heat, 
corrosion and oxidation, Bower conducts 
exhaustive research to achieve improved 
bearing performance. One important 
area of Bower research, for example, is 
the development of special alloys to with- 
stand extreme heat. To do this, Bower 
researchers use special heating appara- 
tus to study hardness, strength and other 
characteristics of alloys at temperatures 
in excess of 1000°F. 


One of the devices Bower utilizes to 
assure bearing precision at high temper- 
atures is a creep tester. Bower engineers 
use it to load a test bar to a predeter- 
mined stress level, then, with the assist- 
ance of a special heating unit, find out 
precisely how much the bar stretches as 
temperatures are elevated to a thousand 
degrees F., and beyond. 


With this type of data and the help of 
other Bower precision research equip- 
ment, engineers can determine alloys 
that best withstand torrid temperatures. 
They can also effectively mate thermal 
expansion characteristics of the various 
alloys used in roller bearing components 
and in shafts and housings as well. As 
a result of this mating, Bower creates 
bearings that maintain precision in the 
required temperature ranges and ensures 
bearings that provide long life, heavy 
load capacity and high-speed operation. 


Because of Bower’s continuing research 





ROLLER 
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Bower engineers study how alloys stretch as temperatures rise in 
excess of 1000°F., to perfect bearings that can take it. 


in bearing alloys and other critical areas, 
we suggest you consider Bower to assist 
you with your bearing needs. Bower 
provides a full range of types and sizes 





tapered 
cylindrical 
journal 








EA 


in tapered and cylindrical roller bear- 
ings as well as in journal roller assem- 
blies. Bower Roller Bearing Division, 
Detroit 14, Michigan. 


DIVISION OF 
FEDERAL-MOGUL-BOWER 
BEARINGS, INC. 
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A new high in V-ring performance 
and efficiency is here from Garlock in 
the new CHEVRON XV Teflon Pack- 
ings. Used for valves, pumps and 
NEW instruments in corrosive service, this 
exclusive Garlock design has outper- 
formed ordinary Teflon V-rings in 


GARLOCK CHEVRON* rigid controlled tests. CHEVRON XV 


is superior in flexibility, freedom from 

XV TEFLON? PACKING friction, wear resistance and sealing 
‘ efficiency under varying pressures— 

for Hydraulic, withstands pressures to 1000 p.s.i. 


Pneumatic Service (rings without hinges available for 
pressures above 1000 p.s.i.). 


Can be molded precisely. The greater 
material mass of CHEVRON XV 
permits molding to consistent close 
tolerances ring after ring—batch after 
batch. Result—perfect fit, clean lips, 
far better sealing. 


Ends frequent gland adjustment. The 
exclusive CHEVRON hinge com- 
pensates for pressure changes auto- 
matically. With proper installation, 
further adjustments are eliminated. 


Greatly extends wear. Greater material 
mass and parallel sides give Garlock 
CHEVRON XV PACKINGS much 
more working Teflon than ordinary 
V-rings. Sturdier size for size, they 
wear considerably longer . . . yet cost 
you no more. 


Virtually ends friction because of two 
factors. First, Teflon has the lowest 
coefficient of breakaway and running 
friction of any solid material in use 
today. Second, the exclusive CHEV- 
RON hinge action permits free opera- 
tion with minimum friction at all 
pressures. 


Learn the full story of this superior new 
packing. Discuss your particular needs 
with your Garlock representative. Call 
him at the nearest of 26 Garlock sales 
offices and warehouses throughout the 
U.S. and Canada. Or, write for Cata- 
log AD-192, Garlock Inc., Palmyra, 
New York. 


GA RLO CK 


Canadian Div.: Garlock of Canada Ltd. 
Plastics Div.: United States Gasket Co. 


Order from the complete line of quality 
Garlock products . . . Packings, Gas- 
kets, Seals, Molded and Extruded 
Rubber, Plastic Stock and Parts. 


*Registered Trademark tDu Pont Trademark 
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HERE'S 
HOW STILL 
ANOTHER 

MANUFACTURER 

JOINS 

STAINLESS 
STEEL 
TUBING: 





He uses 
Handy & Harman’s 
BRAZE 630 





He’s one of many manufac- Each of the 17 joints is hand-torch brazed with 
turers and fabricators who have Handy & Harman BRAZE 630 wire and HANDY FLUX 
found—to their lasting satisfac- TYPE B-1. There’s no question that this is a unique 
tion—that Handy & Harman application. There’s no question, either, that the 
silver alloy brazing is the final application is stainless steel. The ease and economy 
4 answer to stainless steel joining with which this manufacturer solves his problems 
problems. can be just as readily applied to your stainless steel 
Super-Donic Manufacturing Company, Atlanta, Georgia,manu- joining problems. 

factures ‘Dual Arm Transmissions” for the dental industry. Most Strength, production speed, electrical and thermal 
everybody has—at one time or another—seen and/or felt this unit conductivity, gas and liquid tightness and low cost 
in operation. are natural benefits of silver alloy brazing. We think 
It is fabricated of small diameter 304 and 316 stainless steel it worth your while to learn more about this re- 
tubing and, in its assembled form, consists of some 17 separate markable metal-joining method—we'll be glad to 
brazed joints. Joints must be strong, corrosion resistant and send you any information you ask for. Handy & 

neat-appearing. Harman, 850 Third Ave., New York 22, N. Y. 


FOR A GOOD START: Your No.1! Source of Supply and Authority on Brazing Alloys Offices and Plants 


Bridgeport, Conn. 
BULLETIN 20» a 4 Chicago, tl 
This informative booklet gives a fc tae 


good picture of silver brazing and Detroit, Mich. 
ts benefits. includes deals on HANDY & HARMAN  ieiscce 
alloys, heating methods, joint de- ) = Providence, R. I. 
sign and production techniques. _— General Offices: 850 Third Ave., New York 22, N. Y. ay a pelt 
Write for your copy. A DISTRIBUTORS IN PRINCIPAL CITIES Toronto, Canada 
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“‘T don’t know who you are. 
I don’t know your company. 
I don’t know your company’s product. 
I don’t know what your company stands for. 
I don’t know your company’s customers. 
I don’t know your company’s record. 
I don’t know your company’s reputation. 


Now—what was it you wanted to sell me?”’ 


MORAL: 


Sales start before your salesman calls—with business publication advertising. 


_%. McGraw-Hill , 


LY S 
eset 





*UVUSLerteattions 


McGRAW-HILL PUBLISHING COMPANY, INC., 330 WEST 42nd STREET, NEW YORK 36, N.Y. 
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Original Monitor drawing (1861) reproduced on new Kodagraph Autopositive 
Film, Estar Base. (Courtesy of Stevens Institute of Technology, Hoboken, N. J.) 


New Kodagraph Autopositive Film, Estar Base, All combine reliable Kodak emulsions on the 
gives you intermediates that are as tough as new Estar Base—highly translucent, durable, 
they come and have exceptionally sharp detail. and dimensionally stable, with excellent matte 

Here’s the ideal choice for general repro- surface on both sides for easy drafting. Avail- 


duction work and drafting-room use. Same- able in standard drawing sheet sizes and in 


size, positive intermediates are produced rolls up to 52 inches wide. Call your local 
directly without a negative step. And there’s Kodagraph Dealer, or write Eastman Kodak 
the added convenience of being able to ex- Company, Graphic Reproduction 

pose and process under room light. Excellent Division, Rochester 4, N. Y. 


results are obtained with either ‘“‘print- 





through” or reflex printing, even when re- 


tea / 
flexing from metal templates. NEW: 


See this versatile new Kodagraph Film— Koda r 
and the others in the new Estar Base line: * 


Kodagraph Contact Film; Kodagraph Pro- 











jection Film. 


REPRODUCTION FILMS 


for best line-for-line 
reoroduction 
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No. 3 


ideas 


you can use 
in working 
with 
bearings 


A bearing which has become magnetized will at- 
tract stray metallic particles which can work 
their way on to raceways or balls with disas- 
trous effects on bearing performance. Although 
all New Hampshire bearings are carefully de- 
magnetized before final washing and packaging, 
it is possible for them to be re-magnetized dur- 
ing shipment if they are placed in strong mag- 
netic fields. A good precaution is to perform 
final demagnetization before installing bearings 
in their final assemblies. 


150-page Design and 
Purchasing Manual is 
the most comprehen- 
sive treatise on minia- 
ture and instrument 
ball bearings ever pub- 
lished. Qualified design 
and specifications en- 
gineers, and procure- 
ment specialists, are 
welcome to a copy. 





The use of flanged bearings can reduce expense 
in servomechanism gearing, especially where 
plate or cantilever construction is involved. The 
flange eliminates the need for bearing retainer 
plates and also makes it possible to blind 
depth bore to non-critical depths. The blind 
hole can be used as a lubricant reservoir to 
retain grease. 


12500 12495 (2490 12485 

















SHAFT — | 


12485 12460 12475 12470 


BEARING 1.0 

















Interference fitting tighter than line to line is 
not recommended by New Hampshire for the 
majority of applications. The block diagram 
above shows this fit achieved by coded selection. 
The bearing |.D. is represented by the top blocks 
and the shaft 0.D. by the lower blocks. The 
bearing |.D. represents a tolerance of .00015” 
with a similar tolerance for the shaft. Aresulting 
fit of line to line to .0003” loose is shown. 














5 ae | 


The output shaft bearings in gear heads are 
usually preloaded to reduce backlash. Pairs of 
bearings, preloaded to a specific value by the 
bearing manufacturer, offer two advantages. 
Variation in preloading during assembly is elim- 
inated which means more consistent torque and 
end shake values from unit to unit. Secondly, 
assembly time is reduced. Where required, the 
advantages of preloaded bearings can justify 
their additional cost. 


ABEC CLASS 7 BEARINGS 

E WITH BORES CODED iN 

000050" INCREMENTS 

AT EXTREMES OF BORE AT EXTREMES OF BORE 
TOLERANCE TOLERANCE 


In high accuracy designs where bearings must 
be as close together as possible (e.g. bevel gear 
differentials) shaft to inner race fit is vitally im- 
portant to assure as much radial stability as 
possible under these conditions. Even two 
ABEC Class 7 bearings would not provide a 
sufficiently precise fit should their bores be at 
the extremes of tolerance (.00015”). However, 
bearings may be specified with bores coded in 
000050” increments. 





NHBB FLANGED RETAINER BEARINGS 





BEARING 
WIDTH NUMBER 


FLANGE FLANGE 
DIAMETER WIDTH RADIUS | C RATING 





-0625 SFRO 


.203 013 -005 19 





SFR1 


.234 .023 .005 28 





SFR1-4 


.296 .023 .006 39 





SFR133 


-234 018 .005 





SFR1-5 


.359 .023 -006 





SFR144 


-296 .023 -005 





SFR2-5 


.359 .023 -006 





SFR2-6 


-422 -023 -006 





SFR2 


.440 -030 012 





SFR155 


.359 .023 .005 





SFR156 


.359 .023 -005 





SFR166 


-422 -023 .008 





SFR3 


-565 .042 .012 





SFR168 


-422 .023 .008 





SFR188 


-547 .023 .010 





SFR4 


-690 -042 .012 





-547 .031 .009 





























.3125 d . SFR1810 


NEW 
HAMPSHIRE 





BALL BEARINGS, INC. 


PETERBOROUGH, N.H. 
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NEW MATERIALS | 6061-T6 
ALUMINUM 





tensile, at 7.2 g/cc density. Hard- 
Ree nesses range from 50 to 60 on I15T 
scale, and elongation is about 5%. 
Useful operating range of these metal 


instrument powder components is to 1000F. 


Particularly recommended for corro- 


sub-assemblies sive applications. US Graphite Co, 


Div Wickes Corp, Saginaw, Mich. 


complete with CIRCLE 332 ON READER SERVICE CARD 
precision-fitted : 
es | Pure cobalt strip . . . 
miniature with good ductility and workability 


is supplied in coils with thickness 


or instrument | ranging from 0.005 to 0.025 in., and 


widths of “4 to 6 in. Rolled directly 
ball bearings | from cobalt powder, this process 
produces 99.9% pure cobalt strip, 
which has tensile strength of 164,000 
psi when rolled to 25% reduction. 
Elongation is 0.5% and hardness 85 
Rockwell (45T). In annealed condi- 
tion, this same strip has tensile of 
115,000 psi, elongation of 15% and 
hardness of 68. Base price, $4.40 per 
lb. Sherritt Gordon Mines Ltd, 25 
King St W, Toronto 1, Canada. 
CIRCLE 333 ON READER SERVICE CARD 


Silicone rubber compound .. . 
termed “easy-processing,” meets 40- 
durometer military specifications. Soft 
and non-tacky, compound is reported 
to have good green strength, to band 
readily on mill rolls without crumbling 
and to require very little mill soften- and 
ing. Finished parts can be produced 

by molding, extruding or calendering, CONTOUR 
If you have a problem making or obtaining | with low shrinkage. Suitable for use MACHINED 
some of the proper components for instru- | from —80 to 500 F and said to re- TO SPACE 
ment bearing sub-assemblies—or if you | tain physical strength and flexibility 
have trouble fitting them together with the | after long exposure to temperatures in AGE TOLERANCES 
required precision — you should investigate | this range. Supplied without vulcan- 


: sastes izing agent. Dow Corning Corp, Do you have similar j > 
the services of the Rotassembly Division at Midland. Mich. y s ar jobs? 


New Hampshire. Thicknesses up to 2” and diameters up 
CIRCLE 334 ON READER SERVICE CARD to 170” are readily PHOENIXSPUN from 


In this separate facility, assemblies includ- high strength aluminum elleys, titenium, 
ing bearings, shafts, housings and pulleys and exotic metals. Tolerances of plus or 
are produced to your designs, to New| Heat-reactive hydrocarbon resin minus .005” are accurately maintained 
Hampshire precision standards and shipped | is a highly aromatic polymer with with this radically new and exclusive, 
to you inspected, tested and ready to install. | unsaturated double bonds. Said to Reavy duty, puverplocing equipment. 


: 29s A wide range of conventional spinnin 
; . : have light color, excellent solubilit . A S 
Manufacture is restricted to mechanical pr a age | requirements con alee be produced ece- 
ay , . ; and to be suitable for preparation of . : 
h t ilat 4 2 : nomically by the various PHOENIX Metal 
units in which the correct installation an ast-d . 
; fast-drying varnishes, enamels, con : 
: Processing methods. If your metal forming 
performance of bearings are important and | crete curing compounds, printing inks project involves outer space, 
critical elements of the assembled unit. We and adhesives. Available as a solid electronic, nuclear or general 
are not manufacturers of or qualified to | resin, flaked in multiwall bags, or as industrial products contact 
produce gears, gear trains, gear boxes, | a solution in mineral spirits. Price is us at once. 
motors or electrical components. reported to be considerably lower than Welte for information 
equivalent-colored coal tar resins. and new brochure. 
Also furnished in a special rubber 


grade, highly stable to oxidation and PHOENIXSPUN 


| high temperatures. Pennsylvania In- | 
NEW HAMPSHIRE | dustrial Chemical Corp, 120 State St, | <eEN, SREGENENS 
BALL BEARINGS, INC. ODUCTS COMPANY 





For more complete information, 
write for Rotassembly Bulletin. 





Clairton, Penna. 4757 North 27th Street Milwaukee 9, Wis. 
PETERBOROUGH, N. H. CIRCLE 335 ON READER SERVICE CARD 
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PLASTIC or RUBBER PARTS 
A HUNDRED op « MILLION 


” Bru ests Venn SERENE 
AND YOUR PRODUCTION SCHEDULES 


WE CAN produce in quantity any part 
made of molded solid rubber or of extruded 
flexible vinyl plastic (illustrated). We have 
complete engineering and technical person- 
nel for working with you on developing the 
design or redesigning a part, plus a long and 
successful performance record on quality 
and deliveries to schedule. Send drawing, 
sketch or part for prompt quote. 


y _ REPUBLIC RUBBER DIVISION 


LEE RUBBER & TIRE CORPORATION, YOUNGSTOWN 1, OHIO 


Please send me quotation per attached 
sketch, drawing, blueprint, sample or letter. 


eccednascoenneee 





Ee 








[ valcor 
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To} B=, [e}] .) 
VALVE 

DATA!...from 

VALCOR 


“HOW TO 
SPECIFY 
SOLENOID 
VALVES”, 
an 8-page bro- 
chure complete 
with drawings, 
diagrams, charts 
and curves. 





oth are free. Both 
ould be at your fingertips. 


Write today for your copies! 


i SOLENOID VALVES 


’VALCOR | 


ENGINEERING CORP. 


5375 Carnegie Avenue, Kenilworth, N. J. « CH 5-1665 
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EQUIPMENT 


Transverse or compression testing ed @) j - RQ Dp U M i 4 
€ f = 
be » - ta s.. ». 7 ae 





of metals or non-metals can be ac- 
complished within a number of dif- 
ferent ranges up to 10,000 Ib, with an 
accuracy within 1%. Force is applied 
by oil, forced into cast aluminum base 
cylinder by micrometer-type control. 
Available with hydraulic cells of 0-600 
Ib and 0-10,000 Ib. Research Products 
Co, PO Box 1047, 1415 Third St §S, 
St Petersburg 31, Fla. 
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Air volume slide rule . . . 

figures standard cubic feet of air re- 
quired for any pneumatic circuit, 
based on cylinders of any bore and 


. * o a 
stroke, at any pressure and time cycle. maintain lubrication 


Determines air pressure for desired 


cylinder stroke speed, matches cyl- of seals and 


inder bore size to required force, gives 


min compression capacity system will il b — SERIES H 
need. Price $2; available from stock. Ol earings on 
Flow Finder, Box 578, Westfield, NJ 


CIRCLE 337 ON READER SERVICE CARD large centrifugal compressor 


@ CAPACITY RANGE: 5-75 GPM @ OPERATING PRESSURES: TO 1000 PSI 


Photo courtesy The Engineer Co 


The complex lube system for this centrifugal compressor was designed 
by The Engineer Co. for the Elliott Co. and Blaw-Knox for Ashland 
Oil Co., using two types of Roper pumps as booster and main lube 
units. The Fig. 1H15 booster pumps handle 70 SSU viscosity SAE-10 
lube oil at operating temperatures of 140°F, and deliver up to 17 gpm 
at 475 psi pressure. The two main lube pumps are specially modified 
Roper Series K units handling 76 gpm at 50 psi. Close cooperation 
with The Engineer Co. by Roper determined the pumps which would 
best serve the needs of this lubricating system. Special problems in- 
volving pump components for your equipment will receive this same 
skilled assistance by Roper engineers. 


Paes RELIABLE SERVICE AT HIGH PRESSURE 
SPUR GEARS, specially designed for high volume efficiency at high pressures, 
\ be are — ground, shaved, and perfectly balanced to operate quietly, 
smoothly. 


Tape pen... DRIVE SHAFT, separate from the drive gear, protects pumping gears from 
applies self-sticking tapes to charts, i thrust load stress, preserving the axial hydraulic and mechanical balance of 


printed circuit masters and other the gears. 

graphic illustrations. Curved or ir- ROLLER BEARINGS and bronze wearplates are built for heavy-duty use, 

regular lines from sz to %s in. wide can absorbing stress of heavy loads and continuous service. These parts are lubri- 
ey , cated and cooled by liquid being pumped, and are easily, quickly replaced 

be made, reportedly accurate for . ‘ ‘ 


placement to 0.010 in. Corrections Contact your nearest Roper Dealer for specific 
and changes are made by lifting up inf ti 

misplaced tape and replacing it. Pen ee ne 
is operated by loading a roll of tape Send for our new Series H catalog 
into the styrene magazine, pulling it 

through the inner shaft, replacing 


outer shaft, and dialing correct tape 
width on magazine hub. Wheel | =-{@) for Fe Dependable pumps 


assembly at | end of simul- . 
assembly at lower of pen simu since 1857 


taneously feeds, applies and burnishes | 
the tape. W H Brady Co, Dept 169, | HYDRAULICS,INC. commMeERce, GEORGIA 
789 W Glendale Ave, Milwaukee 9. 


CIRCLE 338 ON READER SERVICE CARD 
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NEED AN OIL-FREE AIR SUPPLY? 


Select from 3 types, 10 sizes 


GAST OIL-LESS AIR PUMPS 


You gain five advantages when 
you specify Gast Oil-less Air 
Compressors or Vacuum Pumps. 


Miniature 
models, .35 
to 1 c.f.m. 


1, Absolutely oil-free air delivery. 
No hot oil mist or odor can con- 
taminate air flow 


. No lubrication required. This 
eliminates problems for both man- 
ufacturer and user. 


. Lubrication costs for both time 
and lubricants are eliminated. 


. You have greater freedom in lo- 
cating the pump, as easy access 
for oiling isn’t a factor. 

5. Oil-less design adds a sales fea- 
ture to your product! 


How is this possible? Rotary 
design has carbon vanes that 
lubricate themselves. Ball bear- 
ings are grease-sealed for life 
and located outside the pump- 
ing chamber. Simple construc- 
tion assures long, trouble-free 
dependability. 


Ten sizes; capacities from .35 
up to 24 c.f.m. running open. 
For medium duty to 10 p.s.i.g. 
pressure or 20" Hg vacuum. 
For use on instruments, med- 
ical and laboratory equipment, 
food packaging and paper- 
handling machines, Gast Oil- 
less Air Pumps have much 
to offer. 


Direct coupling 
drive, to 5.9 c.f.m, 


integral-motor 
types to 1.1 c.f.m, 


V-belt drives, 


"A wide range of lubricated medels else eveilable. up to 24 c.f.m. 


WRITE TODAY FOR OIJL-LESS BULLETINS — 
if possible, specify ¢.f.m. range that interests you. 


wummmamy Air Motors * Vocuum Pumps * Compressors 
& GAS MANUFACTURING CORP. 
P. 0. BOX 117-V, BENTON HARBOR, MICHIGAN 
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Are 


you taking 
full advantage of 


BEAD CHAIN 
versatility . 


The Kinkless Chain of a Thousand Uses . . . 
it Drives, It Pulls, It Fastens, It Swivels 


In thousands of cost-saving applications . . . strong, flexible, 
non-kinking Bead Chain is helping to solve a wide variety of 
engineering problems. It is available in 5 diameters from %2” to %” 
with tensile strengths ranging from 18 to 200 Ibs., in a number 
of metals and finishes. Our engineers will gladly assist in working 

out your chain applications; just drop us a line on your 


letterhead, and be sure to ask for our free helpful catalog. 
(B) THE BEAD CHAIN MANUFACTURING COMPANY 
92 Mountain Grove St., Bridgeport 5, Conn. 
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The dial 
thermometer 
at its best 


DISTANT 
READING 


Something much 

finer in a dial ther- 

mometer: finer because 

it is the bourdon tube type of thermometer 
at its best...embodies the greater precision 
and lasting accuracy of the Marsh Pres- 
sure Gauge. 

Both vapor tension and gas-filled types 
are available in either distant reading or 
rigid stem types. In the broad Marsh line 
you have a complete selection of tempera- 
ture ranges, case sizes, styles, and finishes. 


Ask for the Thermometer Catalog 


MARSH INSTRUMENT COMPANY, Dept. 39 Skokie, lil, 
Division of Colorado Oil & Gas Corporation 
Marsh instrument & Valve Co. (Canada) Ltd., 8407 103rd 
St., Edmonton, Alberta, Canada, Houston Branch Piant, 
1121 Rothwell St., Sect. 15, Houston, Texas. Eastern 
Seaboard Warehouse: Marsh instrument Co., 

ndersen Ave., Fert Lee, N.J. 


cay RIGID 
STEM 
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DESIGN LITERATURE 








Manufacturing processes 

& materials for engineers 

DOYLE, MORRIS, LEACH & 
SCHRADER. Prentice-Hall Inc, Engle- 
wood Cliffs, N. J. 6% x 9%, 797 pp. 
$15.00. 

This is a textbook that emphasizes 
the technical and economics approach 
to manufacturing processes. The in- 
itial part covers fundamentals of 
metallurgy, metal cutting, forming and 
grinding as well as statistical concepts 
in measuring and gaging. It discusses 
automation from the theoretical as 
well as the practical standpoint and 
includes the principles of fixed and 
selectable programming, self regula- 
tion, feedback and numerical and 
analog control systems. Questions at 
the end of each chapter give exer- 
cises in applying the basic engineering 
principles. 


Linear algebra 
PROF G F HADLEY. Addison-Wesley 
Publishing Co, Inc, Reading, Mass. 
6% x 9%, 290 pp. $6.75. 

Because many problems resolve to 
a set of simultaneous linear equa- 
tions, it is valuable to have a sys- 
tematic method for dealing with such 
sets. This is the role of linear algebra. 
It supplies the methods for finding a 
theoretical result for these equations 
and provides the simplified notation 
for their manipulation. The methods 
are applicable to all linear models; 
economic models, linear circuits, re- 
gression analysis, and linear program- 
ing are typical examples. The book is 
not intended for pure mathematicians 
but rather for those who are interested 
in applying the method to practical 
problems. Distinctive features of the 
text are a chapter on convex sets; a 
discussion of inverting a matrix by 
partitioning and the product form of 
the inverse; and a discussion of basic 
solutions to sets of linear equations. 


Boolean algebra and its applications 
J ELDON WHITESITT. Addison-Wesley 
Publishing Co, Inc, Reading, Mass. 6% 
x 91%, 182 pp. $6.75. 

Boolean algebra is explained in this 
quote from Augustus De Morgan: 
“That the symbolic processes of al- 
gebra, invented as tools of numerical 
calculation, should be competent to 
express every act of thought, and to 
furnish the grammar and dictionary 
of an all-containing system of logic, 
would not have been believed until it 
was proved in Laws of Thought” (by 
George Boole, 1815-1864). 

This book starts at the beginning 
and presumes no more than a knowl- 


edge of algebra. Its applications in 
engineering are many: control-system 
designers use Boolean algebra to de- 
velop logic circuits with the fewest 
number of elements. A single no- 
tation is used throughout and em- 
phasizes the similarities between sets, 
logic, and circuit problems. 


Other books of interest 


US aircraft, missiles and spacecraft 
1961 


National Aviation Education Council, 
1025 Connecticut Ave NW, Washington 
6, DC. 8% x 11, 156 pp. $1.50 


Low temperature research on ma- 
terials 
SB-451. Office of Technical Services, US 
Dept of Commerce, Washington 25, DC. 
8 x 10%, 28 pp. 10¢ 

A bibliography including material from 
period 1943-59. 


Standards and_ specifications—docu- 
mentation symbols and abbreviations 


Standards Press, 8417 Reading Ave, Los 
Angeles 45. 8%2 x 11, 10 pp. $1.50. 
High temperature hydraulic fluids 


PB 161965. L. R. Drane, R J. Benzing 
Office of Technical Services, US Dept of 
Commerce, Washington 25, DC. 8% x 
11, 16 pp. 50¢ 


ABSTRACTS 





Visual indicators 

This 2-part article (second part in 
Oct issue) is concerned with the de- 
sign of indicator dials and scales for 
general industrial purposes, where an 
accuracy, in quantitative terms, of 
+19% of maximum scale values will be 
required. 
“Design of Visual Indicators Part I,” by 
John Spencer, University of Bristol. En- 
gineering Materials and Design, Sept 
1961, Drury House, Russell St, Drury 
Lane, London, WC 2, England. 


The bending of angle sections 
Because of the complications due 
to asymmetry it is normally a lengthy 
process finding the maximum stress in 
angle sections subject to bending. The 
author puts forward a quick method 
of approximating this stress. 
“The Bending of Angle Sections,” by J. 
Jennings, Mechanical World, Oct 1961, 
31 King Street West, Manchester 3, 
England. 


Molding high-density polyethylene 
A summary of the effects of mold- 
ing conditions on shrinkage, warpage, 
dimensional stability, dry coloring, 
continued, page 133 


PRODUCT ENGINEERING - NOVEMBER 27, 1961 








MINIATURE 
FLEXIBLE COUPLINGS 


FEATURE ® No Backlash © Com- 
pactness and Lightweight 
® Accommodate both lateral 
and angular misalignment 
@ Choice of types offer clamp- 
ing or set-screw hubs 


Type MPC-1 consists of two fianged 
aluminum hubs and nylon or Delrin 
discs with V-grooves that are dis- 
placed 90° with each other. Discs are 
fastened with stainless steel springs 
loading ball pivots against V-grooves. 
Dimensions 7 x 7% in. 

Type MPC-2 has two cylindrical 
aluminum hubs, each with two ball 
pivots attached. Hubs are attached 
to a pair of flexible phosphor bronze 
discs which hold and load the ball 
pivots. Dimensions % x 2 in. Both 
types have range of bores to accept 
shafts from .120” to .250” and meet 
MIL-E-4970 and withstand — 80° to 
200°F and shock to 100 G. 


ADJUSTABLE 
SLIP CLUTCHES 


FEATURE © Adjustment over a 
wide torque range ® Compact- 
ness and lightweight 


Type ASC-1 is % x 1” 
Type ASC-2 Miniature is 44” x %” 
Both are constructed of aluminum 
hubs, Delrin’ on stainless steel clutch 
plates and stainless steel hardware. 
These rugged, high performance 
clutches are friction units to protect 
components against excessive or in- 
ertia shock loads. Range of bores to 
accept shafts from .120” to .250”. 
These clutches meet MIL-E-4970 
specs. 


TECHNOLOGY INSTRUMENT CORP. 


533 MAIN STREET. ACTON. MASS. 


8530 WILSHIRE BLVD. 
BEVERLY HILLS. CALIF 


* @ DUPONT T.™ 
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Have you ‘a 
How To Assure sou "sidered 2 ‘cs 


DETACHABLE 


THE MAXIMUM «= 
Often, they yield 


e 
In High Response _ 
ert 4 design advantages, 
| i lif bl d 
Clutch-Brake Systems simplify assembly and 


Always, they make 
consumer storage 


The clutch-brake unit you use .ea> easier and cord 


replacement an 


must provide these basics: | SH over-the-counter 


convenience. 


a : Get more information 
minimum armature transfer distance between » @ @ we chant detachable tard 
the brake and clutch housings. sets, stock cord set 


4 


clutch and brake friction surfaces held to a high Some of the 2 and 3 wire connector components and 


. designs available on vinyl insulated custom-engineeri 
degree of parallelism. | cord sets with molded on components sedi ae “s 
f ” | to fit your specifications s : 
no backlash between armature and shaft | Miller Electric Co. 


clutch and brake friction facings burnished to 


give rated torque on installation. 
closely held tolerances and finishes on all impor- | 
tant surfaces. 


minimum armature inertia without any sacrifice 120 Main Street - Pawtucket, R. I. 


in mechanical strength. CIRCLE 49 ON READER SERVICE CARD 
magnetic circuit ability to respond to the field- — 
forcing technique mentioned below. 


positive armature release through absence of 
metal to metal contact and built in return action. 


; -7 
Because of the exclusive patented diaphragm, these features have been i \ heat paint problems 4 

















0 
@ 
9 
4) 
5 
16) 
7) 
8 


built into Simplatrol electric clutches and brakes. 


. 
The electric circuitry employed determines to a large extent the clutch es 0 
reaction time. Reaction time is ordinarily reduced when a high momen- \Ise Heat- ell 
ee oe 
a 


tary over-voltage is supplied (i.¢., a voltage considerably in excess of the 


steady state rated voltage). Simplatrol can provide helpful suggestions lors a 
on circuitry. Time required to bring load up to speed is a function of 1100" ai 60 ‘ : 
load inertia, r.p.m., and the torque of the clutch-brake. N\) 0 as 


Simplatrol’s engineering organization will work with you to accomplish : HEATR EM 

maximum speed, smoothness and quietness in your clutching and braking. Are you working outa 

Ask about applications of standard and custom designs in Simplatrol problem with a surface 

Electric Clutches and Brakes. that’s “‘too hot to paint’’? \ 

Investigate the total Heat-Rem H-170 may 

efficiency and economy of aeere be the answer. — 

operation of the single Complete Available in 18 high heat resisting shades, 
complete rp on — it permits color coding or complete finishing 
ri ole oan inet aa on request || of metal components subjected to temper. 
from Va!" dia. to 124" dia ‘ A atures from 600° to as high as 1700 (depend- 

: , : - ing on color used). bs omegp applications are 

See for yourself the unique ad- \ jet missile tubes, rocket motors, pressure 
vantage of the flexible dia- furnaces, condensors, etc. 

ie a ona, & : — Me - Heat-Rem H-170 virtually fuses with hot 
at Wiad ttn tea a “ metal surfaces . . . forms a bright finish 

° , . . . . 

implatrol clutches and brakes. ” that’s resistant to moisture, mild acids, 
Simplatrol clutches and brakes. | _——_ - : - ; ; 

alkalis and industrial fumes. Write for full 

details, requesting bulletin L-9240. = a-saua 


literature 

















implatrol products corp. | 


24 SALISBURY ST., WORCESTER, MASS. Cleveland 9, Ohio 
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and the physical properties of high- 
density polyethylenes. 

“A Guide to Molding High-density Poly- 
ethylene,” by Roger B. Staub, Chemical 
Engineering, Union Carbide Plastics Co, 
Bound Brook, NJ. Modern Plastics, 
Oct 1961, 770 Lexington Ave, NY 21. 


CATALOGS 
AND BULLETINS 





To obtain copies of literature described be- 
low, circle corresponding number on post- 
card inside back cover. 


SQUARE HEAD CYLINDERS — 
Bulletin SQ-61, 48 pp. Comprises 
specifications, dimension drawings, 
cutaways and design data on 1%- 
through 14-in. bore size, cushioned, 
air and hydraulic units. Tomkins- 
Johnson Co, Jackson, Mich. 

Circle 340 on Reader Service Card 


METALLIC GASKETS — Booklet 
PK-152A, 28 pp. Covers spiral- 
wound, metal-jacketed, flat metal, 
corrugated, round cross section and 
heavy cross section gaskets, supplying 
size data, cross-sections arranged ac- 
cording to basic design, application 
recommendations and max operating 
temperatures for standard gasket 
metals. Johns-Manville, Packing & 
Friction Materials Div, 22 E 40th St, 
New York 16. 
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SELF - ALIGNING BEARINGS — 
Catalog, 8 pp. Furnishes properties, 
sizes and prices of one-piece, self- 
aligning, self-lubricating bronze bear- 
ings in die cast aluminum housings. 
Bronze Bearings Inc, 3553 Addison St, 
Chicago 18. 

Circle 342 on Reader Service Card 


INDUSTRIAL GAS DATA—Pocket 
size booklet, 48 pp. Contains con- 
version tables for changing volumetric 
information on various industrial gases 
from one equivalent unit of measure 
to another. Also provides capacity 
data on industrial gas delivery and 
storage systems and lists of volume, 
length and pressure conversion factors. 
Physical and chemical properties of 
oxygen, nitrogen, argon, helium, 
hydrogen, carbon dioxide, acetylene, 
neon, krypton and zenon are outlined. 
Air Reduction Sales Co, Div Air Re- 
duction Co Inc, 150 E 42nd St, New 
York 17. 
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VALVE REMOTE CONTROL 
Manual 618, 28 pp. Puts emphasis on 


continued, page 135 
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GARDNER-DENVER AXIAL PISTON 
AIR MOTOR—0.6 TO 2.7 H.P. 


The Inside Story of idea-packed power 


Gardner-Denver air motors offer variable-speed power control . . . 
positive, instantaneous response and continuous operation. Won’t 
spark—can’t burn out. Remember, wherever the products you design 
are put to work, your customers will find a convenient Gardner- 
Denver office with ample parts stock on hand, and manned by factory- 
trained service specialists. For details, call your Gardner-Denver air 
power specialist, or write for air motor bulletins. 


EQUIPMENT TODAY FOR THE CHALLENGE OF TOMORROW 


GARDNER 
DENVER 


Gardner-Denver Company, Quincy, Illinois 


In Canada: Gardner-Denver Company (Canada), Lid., 14 Curity Avenue, Toronto 16, Ontario 


CIRCLE 133 ON READER SERVICE CARD 133 





REPUBLIC 


OFFERS 


PLUG S 
{LUNGS yy 
DR S&F 


wr IN 


PLUG VALVES 


Brass, aluminum alloy, or stainless 
_~ steel bodies, flanged 

bt ED or unflanged, with 
a TEFLON (no lubri- 

cant), brass, or stain- 

less steel plugs! 

Flared tube, internal 

or external pipe port 

connections! Ye” to 1”. 2 to 5 ports! 

Six metal-plug lubricants for many services—air, 
vacuum, water; gaseous oxygen; alcohol; gasoline and 
high octane fuels; hydrocarbons and hydraulic oils; acids 
and alkalis; and food. When you need plug valves, 
investigate Republic's broad line of standard types!!! 


METAL PLUG 


And special-purpose valves, too! There is one designed 
especially for drawing off accurate, minute samples for 
GAS CHROMATOGRAPHY analysis! Another, 3” and 
4” SLURRY valves with rubber-covered 

rising plug for long 

service lifel And a SLURRY 
CYLINDRICAL plug — 
type that features 

low pressure drop 

and easy turning. 


CYLINDRICAL 
PLUG 


Yes, Republic offers 
more in plug valves! What do you need? 


Stocking distributors coast to coast 334 


REPUBLIC 


FLOW e DIRECTIONAL ¢ PRESSURE 
CONTROL 


15655 Brookpark Road, Cleveland 35, Ohio 
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FUNK 


MODULAR 


POWER 
US 


CONTROL 

BOTH 

SPEED AND 
_ DIRECTION 


On this Scoopmobile ‘‘Mixermobile,”” a FUNK Revers-O- 
Matic® Drive instantly and smoothly changes both speed 
and direction of travel with just one lever. 


The FUNK torque converter automatically adjusts power 
to speed and load. A 4-speed transmission helps hustle 
heavy loads. 

Just one example of how FUNK MODULAR POWER UNITS 
may be combined — in an unlimited number of arrangements 
— without special engineering costs. 

Let FUNK help solve your power transmission problem. 





Box 577-D 
Coffeyville, 
Kansas 
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/ Stainless 
/ 7 
/ Springs 
A Proven Solution To These Problems 
1 — Withstand severe temperature changes and condensates 
2 — Have high fatigue life and tensile strength 
3 — Provide high torque values 


4 — Endure long periods of stress without creeping 
5 — Give consistent, predictable results 


> - 


SANDVIK STEEL, INC. 
1702 Nev Road, Fair aw N 
Warthmore 7-620( N Y ( 
t + Skokie, Ill.-Los Angeles + Seatt 
ANADIAN LTD., P.0. Drawer 1335, Sta. 0, Montreal 9, P.Q 


Works: Sandviken, Sweden 
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DESIGN LITERATURE 


rr? o_o — = 
N e design of remote control systems, SEAL wi | H 4 





treating flexible shaft and rigid rod 
controls, 90° gear boxes and 300 
swivel geared joints. Includes data on 
From sizes, materials and output torque; en- 
: gineering drawings; and installation 
McGraw-Hill diagrams. Stow Mfg Co Inc, 443 State 
St, Binghamton, NY. 

Circle 344 on Reader Service Card 


How to solve 

° . ° HI-TEMP WIRES, TUBING—Cata- 
major engineering log, 58 pp. Summarizes government 
problems in and commercial specifications, UL 


shock/vibration listings and ratings, physical dimen- 
sions, dielectric strength and tempera- 


Here is a 3-volume library of tremendous ati H 7" 
scope for engineers who must control ture ratings of magnet wire, Teflon 
or minimize shock and vibration. Only wrapped and extruded hookup wire, 


in this one authoritative source will a . 
you find all the information you need miniature Teflon lead wire, Teflon 


to apply all major aspects of shock and . : . 
vibration to engineering problems. It tubing, cables, FEP insulated wire, 
more than covers vibration theory fully Teflon tape, marking fluids, special 


. . - it also details the most practical, ‘ R " ; 
specialized phases. Fundamentals, de- jackets, etc. Hitemp Wires Co, Div of 


scriptions of apparatus, explanations of . . 5 
methods, practical examples, and use- Simplex Wire & Cable Co, 1200 
ful data are presented in a wealth of Shames Dr, Westbury, LI, NY. 


sananens Circle 345 on Reader Service Card 


SHOCK AND NYLON SHAPES—Brochure, 8 pp. 


Covers physical properties of four 
VIBRATION grades; available sizes in nylon rod, 

plate, sheet, strip and tubing; and 
typical applications. Data on moisture 


Handbook Library conditioning, machining, bonding, 


welding and coloring of nylon parts is 
Prepered by @ Staff of Specialists included. Cadillac Plastic & Chemi- 


o 
| © Staff of Special , Rotating 
Scone Gan bona pod veh cal Co, = ry yee 5 Ave, eva” Se | o n 
$47.50, payable $7.50 in 10 days and $8.00 rcle 346 on Reader Service M tal B il 
| e e1iows 


monthly 
~ PNEUMATIC EQUIPMENT—Cata- | SE Al 
pie Aauipdin, esting, ond tet log 1161, 16 pp. Tabulates sizes and | 
ee baten lh capacities of air valves, blenders and P 
high capacity accoustic terminal | . Only one moving part 


mental Conditions 
control units. Attentuation analysis, 2 an? . 
72 specialists bring you a comprehen- a ° ° P ar e Unlimited shelf life 
sive array of dependable facts ... in plus suggested specifications, Is in- ° 
J ° 
50 sections. These 3 volumes, the cluded. Carnes Corp, Verona, Wis «—-350 to +800 F 
equivalent in compressed information to % > “ 4 wai 
_—— tem yrs of technical books, meet Circle 347 on Reader Service Card 
the needs of engineers in a wide range Because “605" : . 
of fields . .. mechanical, electronic, } every 1s suitable 
air conditioning, aeronautical, civil, POLYACRYLATE RUBBER—Bulle- for a thousand and one different 
applications, you can reduce seal 


chemical, naval, manufacturing, and 
inventories and spares up to 40%. 














automotive, to mention a few. Where- tin AR-1, 6 pp. Spells out typical and 
ever projects for the design of ma- M jal —_ ical licati 6 
chinery, vehicles, missiles, structures, specia properties, typica app ications, The secret is in the fact that every 
electrical systems, transportation pack- product characteristics, compounding “porn i 

ages or other devices poverve shock or d flect f heat ; 605” is fully pressure balanced 
vibration, you can find solutions more an rocessing, effects o eat agin j 

readily and effectively here. Contains and P . 8 2 : ag e and uses no dynamic elastomers. 
liberal cross-referencing. Bristled with and oil immersion and prices. Thiokol Result? Unlimited shelf life and, 


tacts, details, and data. Chemical Corp, 780 N Clinton Ave, if certain basic requirements. are 


Trenton 7, NJ. met, any place a compact “605” 
10 DAYS’ FREE EXAMINATION Circle 348 on Reader Service Card will fit, it will 


sap ney ig-_tagagelale Try one and see for yourself. Sizes 
alt ly te gh ge INSTRUMENT COUNTERS—Cata- from 875” to 2.500” shaft diameter 
Library for 10 days’ examination on ap- | | log 400, 16 pp. Deals with mechanical are available for immediate deliv- 
Femit "$47.50 ‘plaz few cents delivers | | and electrical units used as digital |  @f¥- Send today for catalog and 
costs; or [] $7.50 in 10 days d $8.00 | res indic: ' sas : . ice information. No obli ion, 
a month until $47.50 is ‘oni. ‘Otherwiee | readout indicators, providing dimen repo sasirsag 
I will return books postpaid. (We pay | | sions, dimension drawings, general : 
delivery costs if you remit with order; : ! “3 , - P : ‘ 
| same examination and return privilege.) and material specifications and appli- 
cation data. Durant Mfg Co, 1938 N 

Buffum St, Milwaukee 1. 
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| Name 


| Address 


CASTERS AND WHEELS—Catalog 1311 Post Road, Providence 5, R. |. 


Position Sra CW-61, 35 pp. Presents load ratings New York * Chicago * Cleveland © Los Angeles 
For price and terms outside U.S., and construction details of industrial, eae © Phi ; 
| write McGraw-Hill Int'l, N.Y.C. 36 PIS-11-27 antes * Gee 5 ee 


| 
| 
| City. . Zone | 
| 
| 
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PRODUCT 
DESIGN 
ENGINEERS 


Electric Typewriter Division 


New developments in key proj- 
ects have created several ex- 
cellent career opportunities for 
experienced Product Design En- 


gineers. 


Qualifications: experience in de- 


sign and layout of complex, 
high-speed mechanical and elec- 
tromechanical devices and 
knowledge of production design 
requirements. Responsibilities 
will include performance of de- 
sign and layout, as well as com- 
pletion of detail and assembly 


drawings. 


Excellent company benefits and 
working facilities. Relocation ex- 
penses paid. 


All qualified applicants will re- 
ceive consideration without re- 
gard to race, creed, color, or 
national origin. 


Please write, outlining your 
qualifications and background, 


to: 


Mr. A. J. Ronvaux 
Dept. 64714 

IBM Corporation 
Lexington, Kentucky 


INTERNATIONAL BUSINESS 
MACHINES CORPORATION 


ADDRESS BOX NO. REPLIES TO: Bow No. 
Classified Adv. Div. of this publication. 
Send to we nearest you. 
NEW K 36: P. O. Bow 12 
CHICAGO 11: 645 N. Michigan Ave, 
SAN FRANCISCO 11: 255 California St. 





POSITION WANTED 
Mechanical yn ge for optical and precision 
instruments with 17 years design experience 
wants new position. PW-7801, Product En- 
gineering. 











For 
Information 
About Classified Advertising, 


Contact 
Jhe McGraw-Hill 
Office Nearest You. 


ATLANTA, 9 
1375 Peachtree St., N. E. 
D. HICKS 


TRinity 5-0523 


BOSTON, 16 
Copley Square COngress 2-1160 


M. SHOUVLIN 


CHICAGO, 11 
645 No. Michigan Ave. MOhawk 4-5800 
W. J. HIGGENS - W. SONZSKI 


CLEVELAND, 13 
1164 Illuminating Bldg. 
1. C. HILL 


SUperior 1-7000 


DALLAS, 2 
1712 Commerce St., Vaughn Bldg. 
Riverside 7-9721 


J. GRANT 


DENVER, 2 
1700 Broadway, Tower Bidg. 
J. PATTEN 


Alpine 5-2981 


DETROIT, 26 
856 Penobscot Bidg. WOodward 2-1793 
WM. H. GINDER, JR. 


HOUSTON, 25 

Prudential Bldg., Holcombe Bivd. 

Rm. W-724 JAckson 6-1281 
GENE HOLLAND 


LOS ANGELES, 17 
1125 W. 6th St. HUntley 2-5450 
W. C. GRIES 


NEW YORK, 36 
500 Fifth Ave. OXford 5-5959 
H. T. BUCHANAN - R. P. LAWLESS 
T. W. BENDER - P. BOND 


PHILADELPHIA, 3 


Six Penn Center Plaza 
W. B. SULLIVAN 


LOcust 8-4330 


PITTSBURGH, 22 
4 Gateway Center 


ST. LOUIS 3 
7751 Carondelet Ave. PArkview 5-7285 
R. BOWMAN 


SAN FRANCISCO, 11 
255 California St. DOuglas 2-4600 
J. A. HARTLEY 


EXpress 1-1314 
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pneumatic and precision casters; indus- 
trial and pneumatic wheels. Special 
caster accessories and MIL SPEC 
casters and wheels are covered. Sagi- 
naw Products Corp, 68 Williamson St, 
Saginaw, Mich. 
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STRUCTURAL STEELS AND DE- 
SIGN—Booklet, 30 pp. Traces recent 
developments with emphasis on in- 
creased economies and wider design 
latitudes. Yield points and tensile 
strengths, plus other data, are given 
for new steels, while design concepts 
are discussed and illustrated. U §S 
Steel Corp; 525 William Penn PI, 
Pittsburgh 30. 
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EPOXY RESINS—Folder 7383, 4 pp. 
Compares 17 epoxy resins, their com- 
ponents, primary uses, handling 
characteristics, and physical and elec- 
trical properties. Mitchell-Rand Mfg. 
Corp, 51 Murray St, New York 7. 
Circle 352 on Reader Service Card 


RUBBER SEALS AND GASKETS— 
Brochure SRC-6120, 8 pp. Describes 
characteristics of o-rings, vibration 
mounts, rubber-to-metal bonded seals, 
diaphragms, gaskets and custom 
molded parts. Laboratories and facili- 
ties are discussed and _ illustrated. 
Stillman Rubber Co, 5811 Marilyn 
Ave, Culver City, Calif. 
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ABS THERMOPLASTIC RESINS— 
Catalog 10240, 8 pp. Covers ma- 
terials’ combination of toughness, 
hardness, rigidity, chemical resistance, 
electrical properties, weight, color 
range, dimensional stability and proc- 
essability. Includes chart on mechani- 
cal, physical and thermal properties of 
nine grades. Marbon Chemical Div, 
Borg-Werner Corp, Washington, W 
Va. 
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MICA PRODUCTS—Brochure 27, 16 
pp. Reviews effective and potential 
uses of mica in number of applica- 
tions. Mica forms, including adhe- 
sives, tubing, and tapes, are described. 
Macallen Co Inc, Newmarket, NH. 
Circle 355 on Reader Service Card 





Here are the answers to the prob- 
lems on page 110. 


1. 2? — 2ry y= ec 


er 
z 


fe* dz+e 
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TEAL 


Here are the brakes that 
assure longer life 


Cutler-Hammer A-c & D-c 
Solenoid Operated 


Best brakes you can buy for conveyors, ma- 
chine tools, elevators, small cranes and hoists 
and similar applications requiring a small 
dependable brake for stopping or holding 
the load. 

Brake operates on extended motor shaft or 
may be applied to intermediate shafts of the 
transmission system. 

Brake wheels are relatively large for torque 
developed, permitting greater amount of 
friction lining and lower brake shoe pressure. 
Payoff: Even wear of friction surface means 
longer life. 

For more information, call your local sales 
office or write for Bulletin 511-X249. 


WHAT'S NEW? ASK. 


CUTLER- HAMMER 


utier-Hammer inc.. Milwaukee, Wisconsin + Division: Airborne Instru- 
= Laboratory « Subsidiary: Cutler-Hammer international, * Asso 
Ciates: Cutler-Hammer, Canada, Lid.; Cutler-Hammer, Mexicana, S. A. 
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Do Your Copligs 
OF 





Product Engineering _ > 
the food 


and beverage 
If not, perhaps it is because there valve specialists 


is an error in the address. Look 
at the address label now. 





ARRIVE ON TIMEP 








Leading bottling machinery 
Check for: manufacturers specify Strataflo 
; No. 3300 check valve for its easy-to- 
Spelling keep-clean, high nickel alloy 
Street Number specially formulated to withstand 
acids. One piece cast body, no sharp 
Street Name curves. Clean design for full capacity with 
and in particular low restriction. No pockets to trap 
Zone Number contaminants. Taper-type poppet with 
Neoprene base that's non-toxic. Stainless ‘ 
steel internal parts. Write for Bulletin 907. 








Incorrect zoning or no zone num- 
ber where one should be can STRATAFLO PRODUCTS, INC. 
slow up delivery by hours or 4939 S. Lafayette St., Fort Wayne, Indiana 
days. Check now and let us 
know of any corrections. 


Product Engineering 
330 West 42nd St. 
New York 36, N. Y. 
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HOTWATT 


CARTRIDGE 


HEATING UNITS.. 


CONSTRUCTED TO 
GIVE YOU FASTER, MORE 
CONCENTRATED HEAT 
AND LONGER LIFE 


Precision-made stainless steel sheaths 
for stable, intimate, non-oxidizing con- 
tacts with cavities machined for these 
units. 

Designations are etched — not stamped 
— on sheath to preserve accurate shape. 


Standard units are moisture-resistant — 
hermetic sealing on special order. 
Arrangement of heating element assures 
maximum heat transfer, minimum core 
temperature, and consequently faster 
heating. 
Dependable, trouble-free operation. 
Connections are stainless-steel screws 
and nuts, or standard nickel alloy lead 
wires swaged to rigid external terminal 
tubes and insulated by Fiberglas over 
asbestos — cannot break inside. 

@ Plus many more standard and special 
features. 


Hotwatt precision cartridge heating units are 
engineered to provide maximum heat trans- 
fer. Each of Hotwatt’s construction features 
complements the others . . . and all are fully 
integrated to bring you cartridge heaters that 
insure positive performance under all con- 
ditions. And, as an added bonus, Hotwatt’s 
unique manufacturing process assures faster 
deliveries to your plant. 


GET YOUR FREE COPY of this 12- 

page catalog with all the details on the 

Hotwatt line. Also included are formulae 

to aid you in determining wattage ca- 
| pacity required for different materials. 


ELECTRIC HEATING SPECIALISTS 


HOTWATT, INC. 


75 MAPLE ST., DANVERS, MASS. 
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Allen-Bradley Co. 

Aluminum Co. of America 

American Steel & Wire Div., U.S. Steel Corp 
American Stock Gear Div., Perfection Gear Co 
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Arch Instrument Co., Inc 
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620—HOT AIR FOR TESTING 
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622——DEFLECTIONS OF COMPLEX 
BEAMS 
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NATIONAL BUD" OIL SEALS 


OVER 3,500 DIFFERENT SIZES IN PRODUCTION 


BUD (Bonded Universal Design) Oil Seals 
field-proved in over 20 million cars, trucks and buses. 
Economical, ready when you need them. 


National has complete tooling to provide you with a broad 
range of dependable BUD® seals covering virtually 100 
shaft sizes for standard applications. 


In National BUD seals, the lip is permanently bonded to 
the metal casing. This means less rubber needed, less 
frictional heat at contact points, longer life, less space 
required in applications. Bonded design eliminates in- 
ternal leakage, and BUD seals are phosphate coated to 
avoid rust. With these features plus superior concen- 
tricity and rugged, simple design, BUD seals have proved 
outstanding in many millions of hours of widely varied 
field usage. 


Available with single or dual lips; in single case design 

National 410,000 for standard precision shaft sealing, or double case de- 
sign for heavy duty use of severe press fit. Sealing mate- 
rials are available for temperatures from —80°F to + 400° 
F, to operate in most oils or industrial fluids. 


The bonded design was pioneered at National Seal— 
industry’s oil seal headquarters for 40 years. If yours is a 
standard application, your National Seal field engineer 
has the proper BUD seal for prompt delivery; if yours is 
a special design his experience can help you cut sealing 
costs. He’s listed in the Yellow Pages, under “Oil Seals.” 


Now National catalog lists BUD seals. 


National 450,000 Write for your copy today. National 480,000 


NATIONAL SEAL O 
EE ORE 


*BUD (Bonded Universal Design) Plants: Van Wert, Ohio; Downey and Redwood City, California 


Division, Federal-Mogul-Bower Bearings, Inc. 
General Offices: Redwood City, California 


7320 


CIRCLE 174 ON READER SERVICE CARD 





WHATS 

» INIT 
FOR 
YOU! 


CONSTANT SPEED AND TORQUE OF 
EMERSON ELECTRIC MOTORS 


is assured by balanced 
Die-Cast Rotors 


The precision tolerances of the rotors in Emerson Electric 
Motors insure a uniform air gap for constant speed and 
torque. Noise and vibration are kept to a minimum by 
the symmetrical rotor design that provides a_porous- 
free casting. The rotor is supported on each side to 
decrease the bearing load and give your application long, 


trouble-free operation 
EMERSON ELECTRIC MOTORS are custom engineered 


to suit your specific needs. Call us today— you'll like our 


' 


way of doing business 


EMERSON ELECTRIC of St.Louis + Since 1890 


OErPT M-ill, 8100 FLORISSANT . Ss T Lou Ss 36 MoO . eo 4 1800 
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